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xvii 


Sleeted. 

1930 

1913 

1932 


1928 

1921 


P 3 
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PRESIDENTIAL ADDRESS 

By Edwin Chbel, 

Curator, National Herbarium, Botanic Gardens, Sydney 


{Delivered to the Royal Society of Hew South Walee, May i, 19St ) 


Part I. 

Introduction. 

Gentlemen, in following the custom established by 
many Past Presidents of this Society, 1 feel that it will 
not be out of place for me to give a brief outlined sum- 
mary of the advances made in connection with science 
and to report on the progress or otherwise of matters 
closely associated with the well being of the Royal Society 
of New South Wales, and which also more or less affects 
kindred organisations in this State. Notwithstanding the 
unparalleled depression which has obtained during the 
whole tenure of my occupancy of the position as President 
of this Society, I am pleased to be able to state that the 
objects of the Society, as outlined in the first volume of 
our Journal and Proceedings, published in 1887, “to 
receive original papers on subjects as tend to develop the 
resources of Australia and to illustrate its natural 
history and production”, have been well maintained. The 
present circumstances of depression do not in any way 
diminish the great national resources of Australia nor 
throw any doubt upon the possibilities of the future 
development in what we hope in the very near future 
will be happier and more prosperous days. The willing 
worker will find abundant material close at hand to 
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which he may devote his spare moments and from which 
he may derive the training he seeks. Science will be 
the gainer by the facts discovered and arranged; the 
worker will be the gainer by the training and experience. 
Science plays so many and Bach diverse parts in direct- 
ing, welding and ameliorating the daily life of the people 
that it is worthy of the most liberal support. 

Without science as its foundation, the Commonwealth 
cannot hope to keep a place among the nations of the 
world. With the aid of science its possibilities may 
become unbounded. The power to promote a greater 
interest in scientific affairs lies in the hands of the people 
who elect those in charge of our governmental affairs. 
The community can only be guided into the safety zones 
leading to prosperity by those who have a deep sense of 
responsibility and who can fully appreciate the closeness 
of the touch of science, and that industry, manufactur- 
ing, medicine, health and public safety, largely depend 
for their advance on the work of research laboratories. 
It is probably owing to the lack of this knowledge on 
the part of those in control, that this and other countries 
are unable to solve the deplorable social menace of 
unemployment. We need a more harmonious and pro- 
gressive development of the scientific services than is 
at present practicable with the existing departmental 
structure. 

It is stated that in Great Britain there is a turnover 
of £40,000,000 worth of horticultural produce annually. 
About £25,000,000 worth of this is imported from other 
countries. It would be of special interest to know just 
how much value could be placed on the turnover of 
horticultural products located in the six cities of the 
Commonwealth of Australia. The economics of these 
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products in Australia should be as much the concern 
of scientists as are matters of other branches of 
scientific investigations, because of the much more 
varied character of our fruits, flowers and vegetables, and 
because of the diseases and pests which affect these crop 
plants. It is considered also that well-tilled cottage 
garden allotments or orchards would have a moral effect 
on the vast number of unemployed persons if their atten 
tion was directed more closely to this form of primary 
production. There is no doubt that secondary industries 
would be established as a result of more intensive eulti 
vation of smaller plots of land, if proper methods wore 
utilised for preserving surplus products derived 
therefrom. 

There is, to a certain extent, an indifference towards 
science. Even where material pecuniary profits are in 
prospect, the same objection is sometimes perceived. 
This indifference may be caused through the scientists 
themselves being at a loss to translate themselves and 
their work into simple words and terms. It is not 
always possible to do this, because of the lack of funds 
which are necessary for the purpose of publishing the 
results of the research work of specialists in plain 
language suitable for the average person. It may be 
true, as has frequently been stated, that “scientists write 
only for scientists”, but it must always be remembered 
that the systematic botanists, like all other scientific 
workers, are compelled to keep in touch with the advances 
in all lines of research work. The ' specialist in any 
branch of scientific investigation rarely retains his grasp 
upon general work, because of his special duties which 
do not permit of sufficient time being devoted to the 
work which is being done in branches of investigation 
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other than that in which he is a specialist. It may 
be necessary to create a taste for things of scientific 
interest which may lead to higher pursuits. It is the 
initial desire of this Society and other scientific institu- 
tions to extend our knowledge of the vast reserves of 
natural products and, as far as possible, to investigate 
other fields with a view to making other discoveries 
which may reveal vast stores of hidden treasures. There 
are many persons in this community who could materially 
serve the objects of this Society, if they would only lay 
aside a want of confidence and apply themselves to review 
the accomplishments of the scientific institutions in the 
various States in their proper perspective. 

It is a question of very great importance as to whether 
the public should be served up with lectures on scientific 
matters in a more popular fashion, or whether there 
should be a continuance of what is sometimes regarded 
as pedantic descriptive scientific jargon. Scientists them- 
selves have to forage through reams of literature couched 
in languages of all nations, which must be translated 
for the purpose of a proper understanding of the sub- 
jects under discussion. The technique used in the dis- 
cussion is common to all nations, and is published in the 
annales of scientific societies all over the world. All that 
is required is for the people themselves to relieve the 
strain of work, so that more time might be permitted for 
charting the facts concerning the vast stores of riches 
contained in the mineral, animal and vegetable kingdoms 
of the world. It does not require much intelligence to 
1m» convinced that our natural wealth of raw products 
•must be the starting point in any industry, and that 
these subjects have a deep financial interest and are of 
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economic and social importance, and require the full 
support of all classes of people. 

Taxei on Knowledge. 

During the year scientists received a rude shock owing 
to the extra burden having been imposed on them in the 
form of a tax on knowledge. It is a well-known fact that 
the requirements of professional and technical experts 
are a special desideratum and can only be obtained by 
the united efforts of our universities, scientific institu- 
tions and state libraries. The cost of procuring such 
works is far beyond the pockets of the individual techni- 
cal worker and scientist. It is for this reason that a 
small band of citizens who are seized with a full sense 
of their responsibilities as citizens, devote a large amount 
of their leisure moments to a study of the natural pheno- 
mena around them and take an active part in scientific 
research. It is only by the aid of literature that we 
are able to keep abreast of modern technical investiga- 
tions -of other countries. Heavy taxes have been imposed 
on works of scientific literature; prices of publications 
from Great Britain and foreign countries have been 
increased by 70 to 80 per cent. This is a most serious 
blow’, and will have a detrimental effect upon the 
efficiency of the whole community because of the 
extremely heavy burden imposed on our universities, 
scientific institutions and public libraries, which are 
unable to find sufficient funds to meet these extra heavy 
demands. Public libraries and scientific institutions 
must, of necessity, discontinue their subscriptions to 
overseas institutions because of the exchange rates, 
primage and sales taxes. Efforts have been made to 
restore these tools of trade to those following scientific 
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avocations by a strong deputation representing prac- 
tically the whole of the educational institutions of Aus- 
tralia. It was pointed out that technical books and 
journals published in Great Britain, Europe and America, 
which are indispensable to the medical, electrical or 
engineering student, have increased enormously in price, 
and, in certain instances, students have had to give up 
the purchase of them. These works cannot be published 
in Australia because the circulation here would not 
warrant the expenditure entailed. 

Scientific Activities. 

During the year there have been eight general monthly 
meetings, at which eighteen papers were read, and ten 
council meetings of the Society. 

In addition to the papers, lecturettes were given by 
Professor C. E. Fawsitt. Ph.D., Dr. W. L. Waterhouse, 
M.C., Professor J. C. Earle, D.Sc., Ph.D., A. R. Penfold, 
F.A.C.I., F.C.S., Professor H. G. Chapman, and C. A. 
Sussmilch, F.G.S., and the Society is greatly indebted 
to these gentlemen for their kindness in this connection. 

At the invitation of the Council the first Liversidge 
Lecture was delivered on Thursday, 24th September, 1931, 
by Mr. H. Hey, entitled: “The Production of Zinc by 
Electrolysis of Zinc Sulphate Solution.” 

Four popular lectures were also delivered as follows: 

“Oysters and Oyster Culture”, by T. C. Roughley. 

“The Oceanographical Work of the *S.Y. Discovery' 
in the Antarctic Seas”, by W. W. Ingram, M.C., 
M.D., Ch.M. 

“The Sun”, by Rev. Wm. O'Leary, 8.J. 

“Insect Life”, by W. B. Gurney, B.Sc. 
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The seventy-fifth anniversary of the Society was cele- 
brated at the monthly meeting in October. Dr. H. G. 
Chapman gave a brief rimmi of the active part which 
Sir William Denison, Governor of the State, had played 
in the foundation of the Society. Sir Edgeworth David 
gave an excellent account of the services rendered to the 
Society and to the Commonwealth of Australia by noted 
geologists. Dr. J. A. Dick explained to the members 
the work of the medical fraternity during the years 
1876-1901. Mr. James Nangle gave an historical sketch 
of the work on astronomy, and Sir Henry Barraclough 
recounted the work of the engineering section. 

The Michael Faraday Centenary Celebrations were 
conducted at the University of Sydney on the 22nd 
September, 1931, under the auspices of the Institution 
of Engineers of Australia (Sydney Division), the Insti- 
tute of Electrical Engineers, London (N.S.W. Branch), 
the Institution of Civil Engineers, London (N.S.W. 
Branch), the Royal Society of New South Wales, and the 
Australian Chemical Institute (N.S.W. Branch). 

The commemorative addresses were delivered by Pro- 
fessors O. U. Vonwiller and J, P. Madsen. Similar 
functions were conducted in Great Britain, and Dr. W. H. 
Love was appointed as a delegate to represent this 
Society. 

The Centenary Meeting of the British Association for 
the Advancement of Science was held in London, and 
Professor Radcliffe-Brown was appointed as a delegate 
to represent this Society. 

The University of Cambridge (England) invited this 
Society to appoint delegates to assist in the celebrations 
to commemorate James Clerk Maxwell, and Professor 
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Kcit Grant and Dr. W. H. Love, B.Sc., were appointed 
to represent the Royal Societies of each State. 

In Angust, 1931, Dr. William Wheeler, together with 
other scientists from the Harvard University, arrived 
in Sydney on a scientific expedition. These visitors were 
tendered a cordial welcome by the members of this 
Society. 

This year the Clarke Memorial Medal, the most import 
ant gift at the disposal of this Society, has been awarded 
to Frederick Chapman, A.L.S , F.G.S., and on behalf of 
the members of this Society I offer him sincere 
congratulations. 

Preparations are now w r ell in hand for the meeting 
of the Australian and New Zealand Association for the 
Advancement of Science, to be held in Sydney in August 
next. As this is the third occasion upon which it will 
be held in Sydney, it is hoped that members will do 
all in their power to make it a success. 

Sectional meetings of Geology, Industry and Physical 
Science have been held regularly during the year, and 
excursions of interest were arranged. The best thanks 
of the council and members are extended to Messrs. H. G. 
Raggatt, H. B. Bettley Cooke and G. H. Briggs, Honorary 
Secretaries of the respective sections, for the lively 
interest and activities displayed in connection with this 
important phase of our work. 

Details in connection with Science House have already 
been given by my predecessor, so that it only remains for 
me to report that the official opening was performed on 
Thursday, 7th May, 1931, by His Excellency Sir Philip 
4 bame, G.B.E., K.C.B., D.S.O., Governor of New South 
Wales. To celebrate the occasion, exhibits of scientific 
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and technical interest were arranged for public inspection 
and lecturettes were delivered as follows: 

“The Balance of Life in the Sea”, by W. J. Dakin, 
D.Sc. 

“Polar Exploration”, by Instructor Commander 
Moyes, B.Sc., R.A.N. 

“What of the City?”, by B. J. Waterhouse, Esq., 
F.R.I.B.A. 

“Prospecting by Magnetic Methods”, by Major Edgar 
H. Booth, M.O., B.Sc. 

OBITUARY. 

It is with sincere regret that I have to report the loss 
of live members J>y death, viz. : 

Robert Grant, F.C.S., elected a member of this Society 
in 1922, died at his residence, Woollahra, 30th August, 
1931, at the age of 6G years. Mr. Grant arriv *1 in this 
State about 40 years ago and, after spending some time 
as an Assistant in the Physiological Department of the 
Medical School at the Sydney University, entered the 
Health Department and occupied the position of 
Assistant Microbiologist for many years until his retire- 
ment He took a great interest in his work, and also 
took an active part in connection with the Chemical 
Society at the Sydney Technical College. 

David Reid, elected a member of this Society in 1914, 
died at his residence at “Homesdale”, Pymble, in his 82nd 
year. Mr. Reid was born at Peterhead, Scotland, in 1849, 
and as a youth entered the service of the Nelson Dock 
Company. He came to Australia in 1871, and joined the 
Arm of Joseph Spilling & Company, Adelaide. In 1877 
he was appointed Assistant Manager and afterwards 
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occupied the position of General Manager for the Orient 
Steam Navigation Company in Australia until his retire - 
xnent in December, 1919. 

Sydney Hubnett Stroud, elected a member of this 
Society in 1919, died at his residence at “Dalveen”, 
Chalmers Road, Strathfleld, 21st August, 1931, at the age 
of 41 years. Mr. Stroud was an Englishman who had a 
brilliant academic career. He was trained at the Blooms- 
bury Square Pharmacy School, at King’s College, London, 
and was awarded the Pereira Medal — the highest honour 
for British pharmacy students. He came to Australia 
in 1914 to a position as Analyst for the Queensland Gov- 
ernment, but subsequently joined Faulding’s in Adelaide. 
In 1918 he founded the Pharmacy School at the Univer- 
sity of Sydney, where he was Lecturer for several years. 
He was founder and first President of the University 
Pharmaceutical Association. He joined Elliott’s and 
Australian Drug Company, Ltd., six years and a half ago. 
and occupied the position as Laboratory Manager. 

William Moofobd Hamlet, elected a member of this 
Society in 1887, died at his residence, “Glendowan”, 
Qlenbrook, 18th November, 1931, at the age of 81 years. 
Mr. Hamlet was born at Portsmouth (England). He 
was educated at a private school, Bristol. Although a 
commercial course was mapped out for him and he was 
apprenticed to a shipping firm in Bristol, he attended 
the Bristol Trade and Mining School, where he obtained 
high honours in Science and received the Queen’s Medal 
for Inorganic Chemistry. Afterwards he gained a scholar- 
ship which enabled him to proceed to the Royal College 
of Chemistry, where he studied under Valentine and Sir 
Edward Frankl&nd. After an appointment as Demon- 
strator of Chemistry at the Bristol Medical School, he 
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entered into a contract with the Bristol Agents of the 
Peruvian Government to analyse the consignments of 
natural Penman guano, then imported from the Chinch as 
and Guanape Islands. He next received an appointment 
as Official Public Analyst for King's Lynn. Later he 
proceeded to the West Indies as Chemist and Assayer for 
a gold-mining company. In less than two years lie was 
obliged to return to England owing to illness. He was 
advised to proceed to Australia for health reasons, and 
came to Sydney in 1883. He was appointed Govern- 
ment Analyst of New South Wales in 1887, and occupied 
that position nearly 30 years, retiring in 1915. Mr. 
Hamlet took an active part in the work of the Royal 
Society and was a member of the Council during the 
years 1891 to 1897 and 1912-14. He was Hon. Secretary 
during the year 1898, President during the years 1899 
and 1908, and Vice-President during 1900-7 and 1909-11. 
He also contributed eight papers which are puulished in 
the Journal of this Society. 

Jaimes R. M. Roreiitson, M.D., Ch.M., elected a member 
of this Society in 1924, died at his residence, “Vanduara”, 
Elamang Avenue, Kirribilli, 11th April, 1932, at the age 
of 88 years. Dr. Rotertson was a native of Renfrew, 
Scotland. He graduated at the University of Glasgow. 
After completing his medical studies. Dr. Robertson 
passed into the Army Medical Staff. He eventually 
became Regimental Surgeon of the Black Watch, which 
he accompanied to India, thence to Burma, where he 
participated in the Burmese War. Retiring from the 
Service more than 50 years ago, Dr. Robertson came to 
Australia, where he qualified as a mining engineer and 
became well known in the coal trade, especially on the 
South Coast. For many years he was Managing Director 
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of the Mount Kembia Coal and Oil Company, Ltd*, and 
until recently took a keen interest in its affairs. Dr. 
Robertson rendered notable rescue services at the time 
of the Bulli and Mount Kembia mining disasters. He 
was the donor of a House to the Burnside Homes, and 
was a Vice-President of the Highland Society of New 
South Wales. 

John Leo Watkins, B.A. (Cantab.)* M.A., elected a 
member of this Society in 1876, died 1st May, 1932, at 
the age of 82 years. Mr. Watkins for many years occupied 
the position of Parliamentary Draughtsman. 

Pabt II. 

A REVIEW OF “SYSTEM ATOLOGY IN BOTANY”. 

The systematic classification of plants, or “System- 
atology in Botany”, takes in the study of the whole of 
the vegetable kingdom. It will therefore be seen that the 
science of botany plays a most important part in the 
economic and commercial r61e of any country. 

In former years, the study of botany was regarded 
rather as an elegant accomplishment than as a serious 
occupation. More recently, however, the subject has 
chauged very markedly because of the wider interests 
involved, owing to the demand for the closest possible 
taxonomic classification, in order to serve those in horti- 
cultural, agricultural, pastoral and forestry pursuits, 
and also because of the immense value of the chemical 
constituents and other commercial products contained 
in all kinds of plants. Whether we regard the subject 
from the purely commercial point of view or from the 
biological aspect, we are bound to admit that to be 
able to identify any plant with the aid of a description 
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published in botanical works, even with the aid of the 
original and possibly typical or authentic specimens, 
requires high qualities of exactitude, patience and sound 
judgment, 

To institute by comparison, even into minute details, 
the precise name of any species, whatever its position in 
the botanical system may be, requires patience and skill 
and close application to biological studies in plant-life. 

Sir Thistleton Dyer, who occupied the position of 
Director of the Royal Botanic Gardens, Kew (England), 
in a very lengthy address (1888) pointed out that Darwin 
devoted many years to the systematic study of plants and 
animals. It was owing to this fact that he made the 
following remarks: “No one has a right to examine the 
question of ‘Species’ who has not minutely described 
many.” Huxley has also pointed out that; “The acquire- 
ment of an intimate and practical knowledge '* r species 
making .... was of no less importance to the author 
of the ‘Origin of Species’ than was the bearing of 
Oirripede work upon the principles of a natural 
classification.” 

A first principle of systematic botany is that a name 
should denote a definite and ascertainable species of 
plant. It not infrequently happens, however, that in 
physiological and ecological literature one will find that 
the importance of this fact is overlooked. Names are 
employed which are either not to be found in the books 
or they are altogether misapplied! It was probably 
owing to this phase of the subject that Professor Lothar 
Meyer found himself obliged to defend the position of 
descriptive science when he remarked that “the 
physiology of plants and animals requires systematic 
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botany and zoology, together with the anatomy of t toe 
two kingdoms; each speculative science requires a rich 
and well-ordered material, if it is not to lose itself in 
empty fantasies”. 

There is a tendency on the part of certain distinguished 
personages te endeavour to belittle the taxonomic or 
systematic division of botanical research, or, in other 
words, to regard this division of work as being sub- 
ordinate to other divisions, such as anatomical or histo- 
logical and cytological researches. Every taxonomic 
worker should have training in at least two methods of 
establishing facts, by experiment and by repeated observa- 
tion. Most facts in physical science are established by 
experiment, whilst most in descriptive biology are estab- 
lished by repeated observation. In practice, a taxonomist 
is called upon to classify individuals into species and 
species into genera. It has been suggested by modern 
workers that all living organisms of family groups are 
probably genetically connected. Their lines of descent 
may not be known to us, but we are able to discover 
a certain section of the present-day plants connected by 
a series of intermediate forms or subspecies, which 
enables us to form some idea as to their origin. 

Historical. 

The cellular structure of plants was known and 
described in the seventeenth century, for we are told 
that the term “cell” was used in a botanical connection 
by the microscopist, Robert Hook. Writing in 1665, he 
says, “Our microscope informs us that the substance of 
Hark is altogether filled by air and that that air is 
perfectly enclosed in little boxes or cells, distinct from 
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one another." It will be noted that this great discovery 
was couched in simple terms, characteristic of eminent 
men of those days. 

Some thirteen years later, Nehemiah Grew (1682), an 
English physiologist, wrote his “Vegetable Anatomy”, in 
which the sexes of plants were mentioned. Then we 
have Sebastian Vaiilant, who wrote a discourse on the 
structure of flowers, confirming the discoveries of Grew 
concerning the sexes of plants, while Millington dis- 
covered the functions of stamens and thus completed the 
theory of the flower. Just about this time, Tournefort 
(1683) published the results of his labours in which a 
classification was formed, and although generally 
regarded beautiful in itself, was suited to a very limited 
number of plants. John Ray was the contemporary 
of Tournefort, and invented a system of classification 
even more perfect than that of Tournefort. 

Although these eminent men of science did much excel- 
lent pioneering work in the realms of systematic research 
work in nature, the science of botany was of difficult 
attainment and many new plants could not bo reduced 
to the systems of either Tournefort or Ray. Ray was 
born in 1628 and Tournefort in 1656, and the latter passed 
away in 1707, when, in the same year, Linnaeus was 
born and, as is well known, did remarkable work in 
the field of natural history during his lifetime. It is 
chiefly owing to the labours of Linnaeus that the binomial 
system of nomenclature was established, and that truth, 
order and precision were introduced into systematicity 
and cleared away many obscurities in botanical research 
and formed it into a science. His labours were original, 
as is shown in the main principles of his classification 
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of plants and animals into classes. The celebrated 
classification of Linnaeus was avowedly purely artificial. 
It was a temporary expedient, the provisional character 
of which no one realised more thoroughly than himself. 
This system formed the basis of a classification which 
was convenient and popular, though not strictly scientific. 
The terms used by Linnaeus were expressive, as, for 
example, in Class I (Monandria) all forms of plants 
with a single stamen were included, and in Class II 
(Diandra) those plants with two stamens were grouped 
together, and so on. 

It must always be remembered that all plants were 
originally in a state of nature, hence they are more 
popularly known as “wild plants”. Wild species from 
which the cultivated forms have been derived are com- 
paratively rare, and very little is known concerning them. 
Usually it is not possible to indicate a certain wild 
species as the origin of a particular cultivated race of 
crop plants. It has been suggested by some writer that 
in some cases our crop plants are descendants of a 
mixture of two, three or more species of wild parents; 
hence these are called polyspecific hybrids. It is prob- 
ably owing to this that LinnaeuB in his “Species 
IMantarum” reserved pronouncement on the species of 
Rosa and Saliw . He also suspected that the varieties of 
TwH/w*, Braseica , Lactuoa , Pyriw, etc ., originated by 
crosses (Fundamentupn fructificat, 1762, p. 21). Part of 
the last-named varieties, c.g especially the cultivated 
kinds of cabbage ( Brasrica ), Linnaeus compares with the 
•trains of the dog. Like the parents, the descendants 
produce continually varying forms. Linnaeus did not 
acknowledge these as species. 
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The Inter-Relation of Systematic Botany and Horticulture. 

Infinite endless variety is the most striking fact about 
the plants we cultivate in our gardens, orchards and 
agricultural areas. Each year catalogues are issued by 
nurserymen and seedsmen bringing out new (or supposed 
new) forms or varieties of crop plants for the Held or 
garden. There is a wide variation in cultivated plants. 
The variations are largely in stature, size and colour of 
the plants, their foliage and floral characters, as well 
as in the size, shape and flavour of the fruits. 

Systematic botanists appear to have a fear of such 
plants on the assumption that they are so endlessly 
variable and so extensively hybridised that ordinary 
tenets of botanical diagnosis do not hold amongst them. 
It is probably owing to the latter reason that 
systematists have, to some extent, neglected the study of 
horticultural groups and also for the reason that they 
are not wild plants. Although there is admittedly wide 
variation in cultivated plants, there is usually no greater 
or more inexplicable variation than one meets in any 
number of wild subjects, with the exception of those 
termed “areheophytes". The archeological study of plant 
life is of intense interest, especially in connection with 
such plants as wheat, rye, cabbage and many kinds of 
fruit crops, such as apple, pear, plum, etc . 

The new and more fundamental study of the origin 
of domesticated plants and of the physiological nature 
of their plasticities, is now one of the most important 
fields of botanical adventure because of the vast reams 
of literature. The plant-breeders’ art is but a revelation 
of the plasticity of the flower in the hands of hybridists 
and of its environment, and affords us some idea of the 
fortns the flowers of the ages ahead will take. The varia- 
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tion, such as colour and so-called doubling of flowers, as 
well as the usual critical characters on which the botanist 
depends for diagnosis of the speeieR, is occasionally seen 
in nature, but in cultivated plants these characters com- 
monly remain intact. One soon learns, however, what 
allowance to make for variation due to cultivation, as 
one also comes to assess the modifications associated with 
latitude, altitude, soil, habitat, etc., in wild plants; in 
fact, the variations are generally less puzzling in wild 
variables because one is aware of the circumstances 
behind them. The organic world, as a whole, is a per- 
petual stream of changing types. Some characters we 
ascribe to heredity, others to environment, but in many 
cases neither environment nor heredity seems to explain 
the appearance of strange characters. Intra-varietal 
variation is common among many cultivated races of 
flowers, fruits and vegetables, as will be seen by an exam- 
ination of the “Everlasting” (H dichrymm bracteaturn), 
which is still to be found in its wild state in the coastal 
districts of New South Wales and other parts of Aus- 
tralia, with yellow or orange coloured bracts, whereas in 
the cultivated races there are various shades of colour 
from white through pale creamy white, pink, red, purple 
and orungc-rcd tints. 

When the vast range of forms, size and flavour to be 
found among the cultivated races of apples, plums, 
peaches, navel-oranges, as well as french beans and other 
pulse-crops, is considered, it seems difficult to suppose 
that all this variation is hidden in the original w f ild form 
or species. \JSveu in the case of hybrid groups produced 
by artificial Ricans, one is usually surprised, on careful 
study, to find how readily the parental traits and botani- 
cal characters \still remuin and can be traced to their 
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ancestors. In the plant world, as in human beings, exact 
likenesses, as seen by the eye of the specialist, are rare, 
and this is true, even when plants are of the same variety, 
coming from the seed produced by many generations of 
inbreeding. What is still more striking, however, is the 
diversity of varieties among plants propagated by 
cuttings, budding and grafting, or by offsets or shoots of 
plants which are only isolated parts of the same plant, 
c.g., the sporting silver chain geranium, carnation, and 
the navel orange. 

Mendelian and other studies have taught us to look for 
somewhat predictable breakups in the seed produce of 
hybrids, yet the supposed crosses arc habitually pro- 
pagated by seeds and may not show dominants and 
reeessives, and the question then arises whether the 
group is, in fact, of hybrid origin. One, of course, must 
be careful not to accept the “hybrids” of the horticu’Miral 
trades too conlldently. Many of the plants cultivated in 
nurseries and gardens have been named and recorded in 
catalogues - by persons with very slight (if any) technical 
knowledge of the floral or foliar characters of the plants 
so-named, and who in numerous instances, through ignor 
ance, have adopted the practice of giving binomials to 
minor forms and varieties, a custom which would be 
largely avoided if adequate instruction in the element 
of systematic botany were provided in horticultural 
organisations. One of the main causes of this trouble 
is the fact that we have no consistent and adequate 
records of horticultural plants when contrasted with the 
methods of describing and recording the indigenous flora. 
Catalogues are unsuitable for records of new forms or 
varieties of horticultural plants; neither are lists of 
names published in newspapers or other publications of 
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this nature reliable, because of the omission of proper 
descriptions in most instances and, where descriptions 
are given, as in catalogues, there are no opportunities 
given to check them for comparison with those already 
described by properly constituted societies, where mem- 
bers are interested and are afforded opportunities of 
inspection and discussion as to the merits of such pro- 
posed new forms. Cultivated plants should be studied 
from a botanical point of view just as closely as plants 
found in a state of nature, and should not be left to 
the untrained cultivator. 

It has been stated that there is some difficulty in 
identifying plants by the use of scientific treatises, and 
that an endeavour should be made to substitute a system 
based on the use of more easily observed characters. This 
phase of the subject, as I have already shown in an 
address to the Linnean Society of N.S.W. (1931), is 
extremely difficult, because of the hopeless confusion con- 
nected with colloquial or vernacular names applied to our 
Australian plants, and which are often quite distinct 
from those used in connection with the same plants in 
other countries where they are .cultivated extensively. 
The same difficulties would obtain in connection with 
plants of other countries owing to the lack of authori- 
tative registration, mechanism and other co-operative 
action among horticulturalists and because of the dis- 
appearance of scores of thousands of horticultural 
varieties which have not been preserved in herbaria or 
by drawings, ns is the case with plants collected in a 
wild state. The confusion in common names has been, 
of course, even worse than in scientific names, because 
of the reasons stated above. A single plant may have 
hundreds of names, some very closely localised and some 
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very wide spread. For example, Van Wijk’s Dictionary 
of Plant Names credits the European Water Lily 
(Nymphaea alba), with 15 English, 44 French, 105 
German and 8 Dutch names — a total of 245 vernacular 
appellations. A well-arranged standardised list of the 
vernacular names, with the corresponding scientiiic 
names, would pro\e highly useful. Native or popular 
names are only a means to an end — not the end of 
inquiry itself. Although frequently misapplied, they are 
useful, as they act as a key to further enquiries. 

There should be no difficulty in obtaining the accept 
ance of scientific nomenclature in commercial circles, as 
it offers a larger measure of security for the authenticity 
of the plant product than the popular name. To the 
nurseryman or seedsman who is confronted witii the 
danger of legal proceedings being taken for supplying 
an article not true to name, this consideration would 
make a special appeal. We are compelling the larmer 
and pastoralist, under statute authority, to learn both a 
common and a botanical name for his weeds, the former 
a concession to popularity and the latter as a legal 
safeguard, and the duplication and multiplication of 
their vernacular names promise, in the near future, to 
impose a heavy burden on municipal and shire clerks 
and inspectors charged with the administration of the 
Noxious Weeds Act. Officers of the Forestry Depart 
ments, as well as those connected wdth the Stock Branch 
and Education Department, are frequently puzzled by the 
disparities in popular nomenclature obtaining in their 
respective spheres of plant studies. To the scientist 
investigating the properties of plants, especially those 
dealing with the timber resources, the stability of the 
botanical name makes a powerful appeal. 
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The following extract from the Report of the Executive 
Committee of the Commonwealth Advisory Council of 
Science and Industry (July, 1917, p. 34) is pertinent to 
this phase of the subject : “It must not be forgotten that 
chemical researches in vegetable products are practically 
valueless unless the plant from which the product was 
obtained has been scientifically classified so as to be 
identified by its botanical name. A good deal of the work 
carried out in Australia in the past has been wasted, 
owing to the uncertainty as to the exact source of the 
material employed. Hence, in this type of work, 
systematic botany must precede chemical research.” 

In advocating the use of botanical names by which 
the plants are already known throughout the world to 
those trained in taxonomical work, attention might be 
drawn to the fact that botanical names are identical 
with a language which acknowledges neither racial nor 
geographical boundaries. The nomenclature is therefore 
based chiefly in Latin terms, so that the whole com 
munity of every country shall have a fairly definite basis 
to work upon when working out the various groups of 
plants which biologists call species. 


Illustrations of Flowering Plants, Ferns and Fern Allies. 

Sixty four years ago, in 1855, George August Priteel, 
Archinarius and Librarian of the Prussian Academy of 
Sciences in Berlin, published his first edition of the 
Iconum Botanicarum Index, and in 1866 he issued a 
supplementary list of references up to the end of the year 
1865. These two volumes, which contain over 107,000 
references to illustrations of flowering plants and ferns, 
have remained until now the standard alphabetical 
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register or book of references to the illustrations of 
plants which have appeared in botanical, horticultural 
and other publications. In 1917 the Council of the Royal 
Horticultural Society of London, on the advice of their 
Scientific and Horticultural Committees, decided to 
undertake the revision and continuation of Pritzcl’s 
Index, under the title ‘‘Index Londinensis”. The new 
edition, compiled from botanical and horticultural pub 
lications of the eighteenth and nineteenth centuries, has 
been prepared under the auspices of the Royal Horti- 
cultural Society of London at the Royal Botanic Gardens 
(Kew), England, by Dr. Otto Stapf, and includes the 
references in the original Index, with the addition of 
nearly 500,000 references to illustrations of flowering 
plants, ferns and fern allies published in botanical, horti- 
cultural and other works and journals between the years 
1753 and 1920 (inclusive). This is a most valuable com- 
pilation, which will be much appreciated by botanists 
all over the world. 


Jordan’s Law. 

The term “Jordan's Law” or the “Law of Geminate 
Species” was originally applied by Dr. Joel A. Allen 
(who accepted the generalisation propounded by Dr, 
D. S. Jordan) to Jordan’s theory, which may be briefly 
stated thus : “Given any species in any region, the nearest 
related species is not likely to be found in the same 
region, but in a neighbouring district separated from 
the first by a barrier of some sort or, at least, by a belt 
of country the breadth of which gives the effect of a 
barrier." In a subsequent work, Jordan stated that the 
adoption of this term “rests on the observations of many 
workers, for it is a matter of common knowledge among 
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field naturalists that the minor differences are due to 
some form of isolation with segregation”. 

Selection produces adaptation. By some barrier or 
other, the members of one group of plants are prevented 
from interbreeding with those of another group. As a 
result, local peculiarities are fixed. “Migration holds 
species true, localisation lets them slip” or rather leaves 
them in the backwash of currents of evolution. Peculiar- 
ities thus set off by isolation become intensified by 
in-and-in-breeding or segregation, and the particular 
environment exercises some continuous type of selection 
until at last there emerges a new form recognisable as 
distinct. 

It has been suggested that geminate species are 
merely forms and not species in the true sense of the 
term. Jordan regards this assumption as merely hypo- 
thetical, as interbreeding is no test of species. 

In his studies of the species Draba vema of Linnaeus 
(Erophila draba of modern authors), Jordan (1873) 
distinguished no less than 200 forms, each of which is 
stated to have prescribed to its own special characters 
for many generations with complete constancy. Iiorti- 
culturalists have found exactly the same thing to happen 
in roses, pansies and other forms of plants of floricultural 
interest. Fruitgrowers have raised numerous forms of 
fruit. Market-gardeners have catalogued thousands of 
forms of wheat, oats, barley, and other crop plants ! Some 
of these, we know, do not breed true, just as Barton 
(1905) has found that in some so-called Jordanian species 
some are good species and some are not. Some so-called 
Linnaean species we find share the same fate, and so 
we shall find in all classes of plant life the individuals 
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of a crop interbreed freely. Therefore, a species is a 
mixture of genotypes or biotypes, freely interbreeding and 
containing gome types of homozygotes as well as several 
type of heterozygotes or hybrids. It is interesting to note 
that Shull (1906), after a review of Kupffer’s paper on 
Kolreuter’s methods of distinguishing species, based upon 
the sterility of hybrids, especially among the Violaceae, 
concludes that when a supposed hybrid shows much less 
fertility of the pollen than its supposed parents, it is 
not a necessary but a sufficient proof (1) that the sup 
posed hybrid is truly hybrid, and (2) that its parents 
belong to distinct species. Just how far a study ol the 
pollen of various forms will aid in the classification is 
a matter of much further research than at present 
obtains. Swingle (1928) on “Metaxenia in the Date 
Palm” and Nixon (1928) on “The Direct Effect of Pollen 
on the Fruit of the Date Palm” and the “Immediate Influ 
ence of Pollen”, have shown that there is a vast neld of 
research to be opened up which inaj reveal wonderful 
results. * For example, it has been discovered that the 
pollen of “Canary Island Palm” (Phoenix oananennh) 
used on the “Date Palm” (Phoenix dactyhfcra) produces 
a small peculiarly pointed seed, quite different from the 
ordinary date seed, and small or medium sized fiuit that 
ripen late. On the other hand, pollen from the tiny 
palm ( Phoenix rocbclinii), which has the smallest fruit 
seeds of any wild form of Phoenix known, when used to 
pollinate the true date palm, causes the formation of 
large seeds, usually with a curious sunken area about 
the germ pore, and makes large dates which ripen 
extremely late — nearly two months later than the ordin- 
ary crop. Preliminary tests of Phoenix nylvastrin from 
India seem to give medium-sized dates, ripening earlier. 
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chemical researches (1922) has shown that there are at 
least two distinct forms, and possibly three distinctive 
forms of essential oils in the species Leptospermum 
Liversidgei, and a similar condition of affairs is also 
recorded for Eucalyptus piperita by Penfold and 
Morrison (1924), and for Eucalyptus dives by the same 
authors (1927, p. 54; 1928, p. 72; and 1927, p. 79). 

We have also received reports that there are two 
forms of the well-known “Wilga” ( Qeijera parviftora ), 
one of which is eaten ravenously by sheep, whilst the 
other, growing side by side, is not touched. 

The question naturally arises: What is the cause of 
these changes of colour factor or chemical substances in 
plants apparently belonging to the same species? In 
connection with cultivated plants it has been suggested 
that the effect of cultivation, i.c., good living and good 
feeding, has in some way broken down the constitution 
of the plant and that this has given rise to a tendency 
to vary. This suggestion may be all very well when 
applied strictly to cultivated plants, but as yet we have 
no definite evidence in support of this view. We know 
that certain plants, such as Rhododendrons and some 
forms of Azalea, thrive in peat and sand mixture because 
the chemical reaction of the soil is acid, and that they 
die in the ordinary fertile garden soil because the reaction 
is neutral or alkaline. Experiments conducted by F. V. 
Colville (1927) have shown that aluminium sulphate 
applied to equal parts of loom, manure and sand which 
was neutral or slightly alkaline in reaction, gave a 
definite and pronounced stimulation of growth. The 
aluminium sulphate treatment has also been applied to 
“Blueberry” or “‘Oran berry” ( Vaccinium spp.) and 
Ctordonia (O. pubescens, syn. Franklinia alatamaka ) in 
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an unsuitable soil with the same stimulating results 
obtained in the experiments with Rhododendron {R, 
catawbicnse ) . 

Certain varieties and species of plants when exposed 
to new sets of conditions, develop new traits and char 
acters, as, for example, the so-called “Prickly Pear"’ 
(Opuntia inermis) of America (which has become a 
serious pest in Australia) and the “Mexican Rubber” 
or “Guayule Rubber” plant (Parthcnium guayule). The 
latter failed to produce as much rubber when taken away 
from its desert environment and cultivated, whilst the 
former was never regarded as a pest plant in its native 
country, but has spread at an alarming rate in Australia. 

Consideration of the chemical substances in plants 
commenced at an early date; in fact, we may consider 
this as the real starting point in the study and researches 
in connection with plant life, jet in reality we know next 
to nothing concerning the physics and chemistry ot plant 
life as an aid to taxonomic wmrk. Rateson (1911, p. 9), 
however,* has stated that “the characters of living plants 
are bound up in properties of colloids and arc largely 
determined by the chemical powers of enzymes, but the 
study of these classes of matter has only just begun”. 
It may be that a closer study of biochemistry will reveal 
certain endomorphic characters which will explain the 
complex nature of the chemical changes in the living 
plant. 

We are told by Blackman (1908) “that enzymes are of 
biological origin and are of great importance in the 
various activities of living matter, and that life is just 
one enzyme reaction after another. Enzymes are formed 
by all living cells. Whether these carry on all the func 
tions of an organism, as in the case of unicellular forms 
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of life, or are devoted only to specialised functions, as 
in the higher plants, is a matter for further investigation. 

“The only difference between these two types of cells 
is that in the former all the enzymes are produced in a 
complex mixture, whilst in the latter they are usually 
specialised and are readily separated, since different 
types of cells may produce certain enzymes in greater 
concentration than do other cells in the same organism. 
It will thus be seen that biological processes may be 
differentiated into those performed by enzymes and those 
of living protoplasm. The enzymes enable the cell to 
carry on the various hydrolytic and synthetic processes. 
Within the cell they transform organic and inorganic 
substances for the production of energy and also play 
a part in various intra cellular syntheses. Of the metallic 
elements which are essential for the growth of plants, 
some occur in such minute quantities that one can only 
imagine their function is catalytic. If iron, for instance, 
played any part in metabolism which involved its being 
used up in any building matoriul or by-product of 
metabolism, then a larger amount than suffices should be 
advantageous. If its function is catalytic, the iron would 
go on acting indefinitely without being consumed, and so 
a minute trace might serve to carry out some essential 
and e\eu considerable subsection of metabolism. Elements 
like magnesium, manganese and iron are often associated 
with non -vital catalytic action. 

“Metabolism is essentially a catalytic process. In sup- 
port of this we know that many of the inherent parts 
of the protoplasmic complex are catalytic enzymes, for 
these can be separated out of the protoplasm, often simply 
by high mechanical pressure. 
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“If metabolism is a complex of up grade and down- 
grade changes catalysed by protoplasm, we must expect 
the amount of metabolism to obey the law of mass, and 
to be proportionate to the masses of substances entering 
into the reaction.” 

The question of making a specie's an indeiinite entity 
and then giving varietal name to w hat may be considered 
the typical form on the one hand and, on the other, 
fixing for all time a malformed or freakish specimen as 
the type, is a practice that should be strenuously opposed 
by systematists. 

Two examples of this method of determination may be 
quoted in connection with very common Port Jackson 
plants, namely, Acacia divurrvnx and CaUixtnnon 
lanccolatux. The latter was originally described under 
the name Mctroxiderox citrina . When the genus Metro 
sidcrox was split up into smaller genera, the species M. 
citrina of Curtis (17 ( J4) was placed in tin* genus 
CaUixtcinon by l)e Candolle (1828) under the name 
Callistcinon lanccolatux . According to modern methods 
of classification, it is agreed that tin* earlier specific 
name must be taken up; the species therefore should b* 
Callixtcmon citrinux . I)r. Otto Htapf (1921) has cor 
rectly made the new combination, but in making the 
transfer has created a new name, Callixtcmon citrinux 
var. sphmdonx, for what we know as the topical form 
of plant commonly known as “Scarlet Ilottle brush” along 
the coastal districts of New South Wales. There can 
be no doubt that the plant originally described as Metro - 
sidcrox citrina was raised from seeds collected from 
plants of the common Hcarlet Bottle-brush. As it was 
grown in a greenhouse in England under artificial con- 
ditions, the plant was unable to produce perfect flower- 



82 


EDWIN CH1EL. 


ing spikes as we see under natural conditions in Aus- 
tralia. The flowering spike ftgured by W. Curtis in 1794, 
although representing the type of the species, is not char- 
acteristic of the species as we know it, and therefore 
should not be regarded rigidly as the standard for com- 
parison for all the population of the species. We should 
make due allowance for such freak or malformed material 
which occurs in many populations of the different species 
of this and other genera, particularly when we know they 
are grown in unnatural conditions. I have collected 
specimens from at least three different species of 
Callintcmon , showing the flower in the axils of the leaves 
instead of forming a spike in the true sense of the term. 
I have also collected specimens of different species of the 
genus Callintcmon having live or seven longitudinal 
nerves instead of the usual central mid-vein and intra- 
margin nerves characteristic of the genus. Whilst this 
kind of deviation from the normal form of growth may be 
of special interest to teratological specialists, they should 
not bo regarded as other than malformations or freakish 
growth by the systematist. When it has been discovered 
that through inexperience or perhaps ignorance, a species 
has been described which does not show the normal 
characters of a population of plants, it should be the 
duty of the whole school of systematists to rectify suck 
errors instead of taking advantage of such freakish 
developments as a laudable excuse for establishing 
specific or varietal names. 

In the so-called Acacia decurrcn# series we have a very 
considerable amount of confusion and indecision, caused 
through certain botanists having sunk the original 
species described as Acacia decurren* by Willdenow 
•(1862) as Acacia decurren* var. normal**. What may 
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be regarded as the typical species described by Willdenow 
is represented by an extensive population of these plants 
in a state of nature in the Sydney District, extending to 
the Blue Mountains of the Western Districts and on the 
Tablelands of the Southern Districts of New South 
Wales. It is only found on the better class soils, and is 
in flower during the spring, August to September. On 
the other hand, Acacia mollissima of Willdenow (1802) 
is usually found on poorer soils of the Southern Slopes 
of New South Wales, extending to Victoria and Tas- 
mania, and is usually seen in flower during November 
and December. The two species are quite distinct and 
should never have been confused because of the dis- 
tinctive botanical characters and seasonal difference or 
flowering periodicity. Acacia dealbata and Acacia 
irrorata have also been confused with and described as 
varieties of Acacia decurrcns, but are abundantly dis- 
tinct. A species recently described under the name Acacia 
fllicifolia Cheel and Welch (1931), has also been confused 
with the .above, together with Acacia arundcUiana of 
Bailey. The latter might easily be regarded as an extreme 
form of Acacia irrorata , Sieber (1826) (syn. Acacia 
pauciglandulosa, F.v.M.), as has been suggested by 
Maiden (1908), but cannot by any means be regarded 
as a variety of Acacia dccurren*. The possession of type 
specimens in such circumstances as reluted above does 
not entirely remove the difficulty in correctly diagnosing 
specific difference, because of the omission of informa 
tion in connection with the environmental conditions 
under which the type existed. The most valuable aid 
to the taxonomic botanist is personal observation of the 
plants in situation, but this is frequently impracticable. 
Many instances could be quoted as to the need for exten- 
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five field work for tlie purpose of studying the factors 
liable to affect the morphology of leaves, etc. This class 
of work can only be achieved in a satisfactory manner 
by those who had the necessary training in the work; 
otherwise the information will be largely speculative. 

There are very few research workers at the present 
time who can provide a body of fact demonstrating the 
variability of living things in nature. Darwin regarded 
variability as a property inherent in living things, and 
with him began a general recognition of variation as a 
phenomenon widely occurring in nature. On the other 
hand, we have Hooker's views (1853) as follows: “The 
result of my observation is that differences of habit, 
colour, hairiness, and outline of leaves .... are gener- 
ally fallacious as specific marks, being attributable to 
external causes and easily obliterated under cultivation.” 

It is probably owing to the close relationship which 
existed between Bentham and Hooker that we find in the 
Flora Australiensis so many compound descriptions (or 
mass morphology) which were drawn up to comprehend 
what is known as composite species. 

Borne of the descriptions cover a wide range of so-called 
fofms or varieties, which, by certain botanists, are called 
subsides. These are sometimes grouped around a mean 
type, and are represented as being extremely poly- 
morphous, and the limits between the so-called form*, 
varieties, subspecies or species are often extremely vague. 
It is interesting to note, however, that Bentham offers 
sound advice when he frequently and frankly admits that 
many of his generalisations may be wrong, and freely 
advised that such can only be remedied by local botanists. 

Prof. N. T. Vavilov (1922) has defined a Linnean 
"Species as “a separate morpho-physiological system con- 
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nected in its genesis with a definite environment and 
area”. He further regards them “as actual complexes, 
actual systems, which exist in Nature and represent 
important definite links in the evolutional chain, the 
knowledge of which is very helpful in mastering the multi 
fariousness of the organised world”. The concrete 
material shows that the so called “Linnean species” may 
be very different in regard to their contents. “Being more 
or less separate systems, they manifest themselves in a 
different compass. The analysis of a great number of 
Linnean species by means of the method of differential 
systematics and differential geography, as well as by the 
modern methods of genetics and cytology, reveals the 
great diversity of the species. Thus there are sometimes 
bulky systems belonging to one Linnean species which 
might be expediently subdivided into categories or sub 
species. Sometimes, on the contrary, a Linnean species 
represents a very limited and comparatively small 
system.” 

No matter what differentia are adopted to separate 
one species from another, it naturally follows that the 
visible characters will be the first criteria selected in the 
field by naturalists and taxonomic botanists when col 
lecting specimens for study. 

In horticultural opeiations a much finer discrimination 
of morphological characters has been adopted by trained 
specialists for purposes of classification in cultivated 
plants. The same remark may be applied to those deal- 
ing with agricultural crop plants. We have only to 
review the trade catalogues of both horticultural and 
agricultural seed merchants, when it will be seen that 
scores of thousands of roses, chrysanthemums, dahlias, 
apples, plums, wheat and potatoes are offered for sale 
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under distinctive trade names. This very fact alone 
should convince those authorities in charge of our large 
institutions, such as the National Herbaria and Botanic 
Gardens of the various States of the Commonwealth of 
Australia, of the need for closer attention to details, and 
for a broader outlook on the most difficult tasks imposed 
on the limited number of workers in this particular 
phase of botanical research. 

In some instances the species are not so sharply defined 
as the descriptions in the floras would lead one to infer. 
An example of this may be cited in connection with 
Eucalyptus pimpiniana and E, Isingiana. The latter, 
although described as a distinct species, was found to be, 
when critically examined, the more matured stage of 
development of the former, and, strange to relate, the 
collector of the specimen of E. Isingiana, when forward- 
ing additional specimens collected from the same tree 
which formed the type of E . Isingiana was informed that 
they could not be separated from 157. pimpiniana , although 
previously informed that it was a new species. 

Instances of this kind frequently occur owing to the 
fact that the systematist does not have the opportunity 
of examining the live plants in the field. On the other 
hand, there are plants which are so strikingly similar 
as regards certain characters that we are able to group 
them together into families, genera and species. Certain 
characters appear to be less variable than others, both 
inherently and when subjected to difference in environ- 
ment, and these are then regarded as fundamental char- 
acters and are often made the basis for the groupings 
mentioned above. This grouping or classification, how- 
ever, is in many respects artificial, and must always 
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remain more or less so, serving largely as a convenient 
method of cataloguing or keeping track of them. 

Every plant has two names, a generic and a specific 
one. The generic name indicates the group to which the 
plant belongs, and the specific refers to its own individual 
characters. Amongst the flowering plants, our present 
knowledge of systemity is sufficiently definite as regards 
genera for there to be little confusion possible in that 
connection. However, in the case of specific names it is 
otherwise, and it is quite common to find the same plant 
called by different names by different botanists. For 
this reason systematology is a very important branch of 
botanical research and until systematic biologists are able 
to arrive at some solution as to what really constitutes 
a specific difference, we shall never be able to establish 
a stable system of nomenclature which is so essential 
for trade purposes as well as for research work. 

In general, there are two classes of systematists 
familiarly known as lumpers and splitters. Either 
extreme, of course, is wrong, but in the light of modern 
biology the tendency to excessive subdivision is perhaps 
the worst. The point to be observed is that so called 
species is not a fixed entity. Species are constantly 
changing by slight mutation, or by acquired variation, 
that is to say, there are no identical individuals in nature, 
but similar ones only, and this fact alone suffices to make 
the species conception an uncertain one. Absolute and 
permanent fixity of botanical nomenclature in such cases 
therefore cannot be ensured. There will always he certain 
biological peculiarities as well as physiological differ 
enoes in plant life. These differences are inevitable and 
are independent of rules and arbitrary decisions, chiefly 
through lack of complete knowledge. New facts as to 
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structure and other considerations are constantly being 
brought under notice and must be adjusted. 

In modern genetical literature, species and their sub- 
ordinate units are often spoken of as populations which, 
according to Du Rietz (1930), is synonymous with 
Plate’s “Individuengruppen” and regarded as a very 
sound and stimulating method of treatment Du Rietz 
also applies the term population concept to all sorts of 
taxonomical and plant sociological units and treats them 
as concrete populations, and regards the problem of the 
definite or arbitrary nature of the border lines between 
the populations accepted as units as of far more import- 
ance than the purely theoretical discussions, and states 
that the genealogical continuity of the species must not 
be forgotten. 

In his treatment of the “individual” Du Rietz (1930) 
states: “The most elementary unit of taxonomy is the 
individual. The limits of an individual are not always 
easy to define, but most biologists of the present day 
agree that the soundest definition is the physiological 
one, i.e., that the main criterion of an individual should 
be its physiological autonomy. Thus, in cases of vege- 
tative propagation, a new individual is formed with the 
break of the connection with the mother-plant.” 

Du Rietz admits that theoretical and practical com- 
plications may arise in several cases, especially in the 
case of vegetative segregation and in colonies of closely 
connected individuals. The vegetative segregations and 
colonies of individuals are defined by Du Rietz (1930) 
as follows: 

The Clone : “A clone is a population consisting of the 
vegetative (asexual) descendants of one individual.” 
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The Pure Line : “A pure line is a population consisting 
of the individuals formed by strictly autogamous repro- 
duction of one homozygotic individual.” 

The Biotype : “A biotype is a population consisting of 
individuals with identical genotypical constitution.” 

The Form: “ A form is a population oi one or several 
biotypes occurring sporadically in a species population 
(not forming distinct regional or local facies of it) and 
differing from the other biotypes of this species popula 
tion in one or other several distinct characters.” 

The arrangement of groups may be made in the follow- 
ing manner: 


Rbgnum Vegetable. 

Cryptogams Phanerogams 

Gymnosperma (Angiosperms ) 


Division 
Subdivision 
Class 
Sub ciasB 
Cohort 
Sub-cohcrt 
Family 
Sub-family 
Tribe 
Sub-tribe 
Genus 
Sub-genus 

Section (Hairy, Glab ) 

Sub-section 

Species 

Subspecies (Vel proles, gall Kae) 
Varieties 
Sub-varieties 
Varlatio 
Sub-varlatlo 
Plante 
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“Index Kewensis”, an enumeration of the genera and 
species of dowering plants from the time of LinnaeuB 
to the year 1885, was compiled at the expense of Charles 
E. Darwin, under the direction of Sir J. D. Hooker, by 
B. D. Jackson (1895). Since the publication of the 
original, seven supplements have appeared (1921*1925), 
the seventh containing some 33,000 new specific nameB and 
new combinations. So far as I can ascertain, no attempt 
has been made to give an exact account of the number 
of specific names actually published in this most compre- 
hensive and valuable work, nor of the standard species 
in contradistinction to those regarded as synonymous. 
The reason for this is, no doubt, owing to the differences 
of opinion as to what constitutes a species. 

Various estimates have been made as to the number 
of valid species of plants that have been discovered and 
described in scientific literature, but so far we do not 
seem to have any reliable figures because of the differ- 
ences of opinion as to what actually constitutes a 
standard species. In 1902 Professor Vines estimated 
the world’s flora at 176,000 species. In 1907 Dr. Alfred 
Russell Wallace gave the number as 136,000 species, or 
40,000 less than Professor Vines. Then we have J. H. 
Schaffner’s estimate of 194,311 species. 

If we review the figures given for Australia it will 
assist in the realisation of the difficult task set for 
present-day systematists in making a determination of 
plants sent in for identification. One hundred and sixty- 
two years ago, Banks and Solander made a collection of 
about 1,000 species of Australian plants. Daring the 
years 1802-1805 Robert Brown brought the total to 4,200 
species. Baron Ferdinand von Mueller in his census 
(188*) brought the number up to 12,049 species com- 
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prised in 1,617 genera. Since the publication of Mueller’s 
census, about 2,360 additional species have been 
described, so that we can roughly estimate about 15,000 
species for Australia. When we contrast this number of 
species with that stated to have been recorded for Europe 
by Robert Brown, viz., 33,000 species, it will be seen that 
a vast amount of useful botanical research work has been 
conducted by a very limited number of workers when com- 
pared with the older countries with much greater popula- 
tions. In addition to the angiosperms (flowering plants) 
and ferns, there are vast numbers of cryptogams recorded 
in scattered literature which have to be accounted for, 
and may exceed the numbers quoted for the higher forms 
or species of plant life. 


Mendelism. 

The term “Mendelism” in connection with plant breed- 
ing problems has been used very freely during n cent 
years because Gregor Mendel was the first to apply the 
genetic process in certain experiments with peas, etc. 
In these experiments Mendel detected heredity factors. 
These are now considered by certain botanists to be 
more natural and consequently more important for classi- 
fleatory purposes than the floral organs of plants. Since 
Menders important discovery in 1866, however, followed 
by such eminent authorities as Correns, De Vries and 
Tschermak in 1900, who conducted work on similar lines, 
many important modifications of Mendel’s original con- 
ception have come about. Foremost among these is our 
conception of what constitutes a character. The vague 
meaning attached to this terra by the older school of 
biologists is gradually being replaced by the usage of the 
chemists and physicists. In this sense a character must 
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always be looked upon as a combined result of heredity 
and environment. It is considered by some authorities 
that the heredity units themselves are not characters in 
any sense of the term, but, in conjunction with environ- 
ment, express themselves as characters. 

The practical experimental study of variation and 
heredity has opened up an entirely new field of study, 
and largely accounts for the question as to which group 
of organisms has a right to be called a species. The 
question is answered in different ways because of cer- 
tain discoveries, as, for example, in unisexual plants. 
Unisexual plants have one set of sex organs — male and 
female. The male plant may have certain characteristics 
different from the female, and these are quite independent 
and are distributed solely or predominantly by one sex. 
Because of this it has been suggested that we cannot 
define a species as a group of organisms having the same 
genotype, for it is known that often the male and female 
species of one specieB (as at present understood) differ 
in the number of their chromosomes and in the number 
of their genes. It will thus be seen that whilst cytological 
findings are helpful in one set of circumstances, they are 
apparently of no value in others. Dr. W. Bateson brought 
Mendelism into vogue in England, and when delivering 
his presidential address during the visit of the British 
Association for the Advancement of Science in Melbourne 
and Sydney in 1914, very cleverly defined the genetical 
process as follows : “Two germ cells unite to produce each 
individual body.” He also pointed out that “the indi- 
vidual body is a double structure, whereas the germ cell 
is single”. It will thus be seen that plants are formed as 
pieces of living material split from the body of the parent 
(ft^anisms. 
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If we make a closer study of cytology, we Bhall find 
that the living cell contains a body which is called the 
nucleus; this nucleus has a rather complex structure, 
and it has been observed that when it is going to divide 
it consists of distinct microscopic elements of distinct 
shapes called chromosomes, easily seen when using 
certain dyes for staining. When the cell is going to 
divide, the chromosomes split longitudinally, and half of 
each chromosome goes to one of the two new cells to be 
formed, the other half to the other daughter cell. In this 
way the plant keeps always the same chromosome 
number. All the individuals of the same species have 
this character throughout, except when the plant pro 
duces sexual cells — gametes. The gametes contain always 
only half the number of the other (the so-called somatic) 
cells of the individual, and fertilisation consists in the 
fusion of a male and a female gamete, each with the half 
chromosome number, thus ensuring full numbers a vain 
in the fertilised cell, the so-called zygote. 

The discovery that every species carries in the nucleus 
of every cell a definite complement of chromosomes and a 
peculiar complex of specific genes causing intra-fertility 
and intra-sterility, is a great advance in our knowledge 
of the nature of a species. It has also shown that genetic 
factors are definite things, either present in or absent 
from any germ cell, so that we may distinguish an indi 
vidual plant as a pure-bred for any particular factor or 
its absence. 

This new knowledge has been developed by the co- 
operation of systematists, cytologists and geneticists, and 
bids fair to revolutionise the modern new Darwinian con- 
ceptions of the arbitrary nature of species. Experimental 
evidence shows that a species is a real entity composed 
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of characters, chromosomes and genes peculiar to itself. 
It has been slated by Phillip (1931) that “the study 
of somatic segregation is important genetically for at 
least two reasons. One reason is that many horticultural 
varieties of plants have their origin in that type of 
somatic segregation which is called bud*mutation. A 
second reason is that a somatic segregation may or may 
not be sexually heritable, hence offering no little difficulty 
to a geneticist who is studying the inheritance in crosses 
in which one of the parents of the two used arises in 
bud sports.” The examples given in support of this state- 
ment are experiments with Manihot utilissima and 
Hibiscus rosa-sinennis. It will be gathered from a close 
study of genetics that a case has been made out for 
taking the chromosomes to be the important organs of 
heredity. They are permanent. They generally reproduce 
themselves exactly at each cell division. They alone are 
contributed equally, in normal cases, by both parents 
at fertilisation. They provide a mechanism of repro- 
duction which enables us to understand why the germ 
cells of a biotype may be pure and contain material 
derived from only one parent in respect of characters 
in which the two parents differ. Finally, the chromosomes 
are different from one another so that if a part of one 
is doubled or lost, the qualities of the whole are more 
or less sharply defined. It has also been noted that 
chromosomes of closely related species may be very differ 
ent both in number, size and form. There is then in the 
chromosomes, material for the study of variation in 
plant life. 


Momozygism and Heterozyglzm. 

It was stated by Bateson (1914) that “the only 
definable unit in classification is the homozygous form 
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which breeds true”. The true breeding forms which 
Jordan (1873) is said to have distinguished in such 
multitudes, are considered by some to be real entities. 
They have been variously termed elementary or micro- 
species, and are supposed to represent smaller and more 
sharply defined elassificatorv unitR. Many systematists 
prefer to regard them as species in the making and to 
pool them into arbitrary Linnoan or composite species, 
for the convenience oi collectors and for the simplifica- 
tion of catalogues. It must be admitted that the broad 
species concept of the older school of systematists lias 
served a very useful purpose. Whether we are ready at 
the present time to upset the old order of systemity is 
an open question. We know that the modern trend of 
scientific investigation seems to indicate that many plants 
which are at present classed as species by some botanists 
may be hybrids. 

Dr. J. 1\ Lotsy, who visited New Zealand and Aus- 
tralia during the year suggested that “each main 

class of animals and plants originally formed one vast 
syngameon, originating from an accidental cross of 
widely differing biotypes of an older syngameon”. Du 
Rietz (1930), in commenting on this, states: “Hut even 
if this be true, the reconstruction of the whole process 
of differentiation of those immense syngameons of 
decreasing size appears anyhow to be a rather hojadess 
task. Our division of the main classes of animals and 
plants into orders, families, genera, etc., must, therefore*, 
to a large extent be carried out iu the rather artificial 
way of grouping the species, genera, etc., simply after 
their morphological resemblance. The same method must 
often be used even for the grouping of the species withiu 
a genus, at least until the commiscuum and comparia 
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within that genus have become sufficiently known. The 
more this purely morphological method can be combined 
with geographical, paleontological, genetical and cytologi- 
cal methods, the greater is the chance that it will 
ultimately be possible to reconstruct the old syngameons 
within the group concerned.” 

It is known that presumed stable genotypes or elemen- 
tary (micro) species give rise when crossed to unstable 
heterozygotes, which segregate into a new series of 
biotypes. This I have already proved in my own experi- 
ments with “Soy Beans” (Glycine hispida) and “French 
Beans” ( Phascolus vulgaris). For a number of years I 
cultivated four varieties of “Soy Bean”, viz., yellow, 
green and two black seeded forms. One of the latter 
is known in the trade as “Ebony”. When crossed with 
a green Soy, known in the trade as “Guelph”, the result- 
ant seeds or Fi generation were of a yellowish -green 
colour. When these seeds were sown the resultant crop 
or F 2 crop generation gave two thirds yellowish-green 
seeds almost identical with the Fi crop, and the rest were 
a mixture of seeds, some of a distinctly pea-green colour, 
others black and others brown. When the F 2 seeds were 
sown, the yellow green seeds gave similar results as the 
F 1 generation, but the pea-green and black seeds bred 
true, whilst the brown coloured seeds were nondescript 
brown tending to black. In my French Bean experi- 
ments I obtained some seeds known in the trade as 
“Black Wax”. From these I noted a plant producing 
mottled coloured seeds instead of black, and was unable 
to match them with any form in my collection of upwards 
of fifty sorts, or with any other form known in the trade. 
As I had not made the cross, I arrived at the conclusion 
that it was a mutant or was probably the result of an 
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accidental cross by bees or other insects. When the Fi 
(mottled seeds) were sown, the resultant crop gave two- 
thirds mottled, almost identical with the parent form, 
and the rest were a mixture of white and black seeds. 
Two successive sowings gave similar results from the 
mottled seeds, but the white-seeded forms bred true, 
whilst the black-seeded forms were variable in shape, 
but of a dullish black colour. 

In connection with some experiments in crossing two 
species of Bottle-brush ( Callistemoii ) some interesting 
results were obtained in the shape and venation of the 
leaves, as well as in habit of growth. In October, 1909, 
I pollinated the pistils of C. acuminatux , native of 
Bullahdelah, in the Port Stephens District, with pollen 
from C\ citrinu8 (O. lanceolafus) common in the Port 
Jackson District. The seed capsules containing the 
minute linear seeds were gathered in 1912 and sown in 
November, 1912. Only six plants were raised and brought 
to the flowering stage in October, 1915 (see Cheel, 1917). 
The foliage characters of the F* generation were inter- 
mediate between the two parents so far as the shape is 
concerned, but the venation was prominent like the 
mother plant (V. avuminatus ), and the habit of growth 
was most vigorous in all the seedlings. The flowering 
spikes were also longer. Seeds were obtained from the 
hybrids some three years later and sown in November, 
1918. Several seedlings were raised and planted out and 
examined when in flower during 1921. Two plants were 
noted as having vigorous growth and strongly veined 
leaves like the mother plant, whilst the others (19 
plants) were similar in habit of growth to the common 
Bottle-brush (C. citrinus, syn. C. lanceolatus). The leaf 
characters of the latter were also more closely akin to 



48 


EDWIN CHEEL. 


those of 0. oitrinu8 in shape and in venation character. 
The colour of the filaments of both parents as well as 
the hybrids was scarlet or pale crimson, so that no notes 
were made. It is noteworthy, however, that spikes of the 
Fi generation were fully 1£ to 2 inches longer than the 
flowering spikes of the parent plants. 

It will be seen that these experiments with “Soy 
Bean”, “French Bean” and Scarlet Bottle-brush, like 
many other experiments in plant breeding, have demon- 
strated the phenomenon of segregation, and that the 
presumed stable biotypes or elementary (micro) species 
were produced when crosses were made between parental 
plants which may be regarded as unstable heterozygotes. 
In each case there were two kinds: homozygotes and 
heterozygotes. The pea-green “Soy Bean” and the white- 
seeded “French Bean” proved to be stable biotypes. I 
was unable to carry on the experiments with Callistemon 
beyond the F 2 generation, but have no doubt that the 
results would have been the same, as numerous seedlings 
have been raised and distributed by nurserymen from 
the second generation plants, and these seedlings show 
characters in the shape and venation of the leaves 
similar to those of some of the F 2 generation (parent 
plants) and are quite distinct from those of C. acuminatus 
and C. citrinu8. 

The evidence in connection with these experiments 
shows that pure bred races of plants can be produced 
as to colour of the seed-coats of “Soy Bean” and “French 
Bean” and as to venation and shape in the leaves of 
CallUtemon. It also shows that in homozygous forms, 
races, genotypes, biotypes or whatever name we like to 
call them, these factors or elements are evidently sorted 
out in an orderly fashion. In heterozygous forms or 
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races it is otherwise. It is in connection with the latter 
that the systematists have to think in terms of biological 
problems, for we are reminded by Du Rietz (1930, p. 
352) “that heterozygotes will produce homozygotes, but 
not the reverse". 


The Blotype. 

It would appear from recent discussions that the term 
biotype (which, according to Johannsen, 1909, and Du 
Rietz, 1930, is defined as a population consisting of indi- 
viduals with identical genotypical constitution) is now 
generally accepted in preference to the term “genotype" 
as originally understood. According to Du Rietz (1930, 
p. 341), a biotype may be either homozygous or 
heterozygous, and that there is probably not much chance 
of finding completely homozygous biotypes in popula- 
tions other than strictly autogamous ones. This means 
that the only really homozygous biotypes existing will 
be those forming pure lines. 

In a series of papers published in the years 1912-1916, 
Lotsy claimed that the homozygous biotypes were the 
real fundamental units of taxonomy, and therefore the 
units worthy of being called species, but in a more 
recent work Lotsy (1925, p. 27) receded from this belief, 
doubting even the. existence of any absolutely homo- 
zygotic biotypes in nature as well as in pure lines. In a 
postscript Du Rietz (1930, p. 427) draws attention to a 
paper published by Nilsson (1930) in which he has found 
“that different individuals of a certain so-called ‘pure 
line’ of oats produced pure lines differing considerably in 
their production of ‘mutations’, some of them giving a 
imfth higher percentage of mutations than others. Prom 
this result Nilsson draws the conclusion that the original 
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‘pure line’ did not contain only homozygous individuals, 
this being no pure line at all, and that the mutations 
appearing in it (and in analogous false pure lines) are 
no real mutations, but simply some sort of ‘segregants’ 
caused by the heterozygosity.” 

In commenting on this, Du Rietz states; “This cer- 
tainly does not speak in favour of the current theory of 
the rapid production of pure (i.c., homozygotic) lines 
by autogamous reproduction. On the contrary, it gives a 
strong support to Lotsy’s recent doubting of the existence 
of any absolutely homozygotic biotype in nature, even 
in pure lines. This implies that the existence of real 
pure lines in nature may be a mere illusion that the 
taxonomical importance of the pure line-concept thus 
would be still smaller than postulated.” Du Rietz’s (1930, 
pp. 338-339) remarks were based on the definition given 
by Johannsen (1903) ; “A pure line is a population con- 
sisting of the individuals born by strictly autogamous 
reproduction of one homozygotic individual.” 

When thoroughly analysed, it will be seen that a race 
or pure line is pure if it breeds true and not otherwise, 
and can only be produced by the union in fertilisation 
of two germ cells which are alike in the factors they 
bear. The factor may confer tall or dwarf characters, 
colour, shape, hairiness and probably also elements of 
physiological or chemical importance. We have abundant 
evidence that certain plants are indistinguishable in 
morphological characters, whilst, on the other hand, they 
may be readily separated according to the composition 
of the respective essential oils or physiological characters. 

Mueller’s remarks on the Eucalypts of the “North Aus- 
tralian Expedition” in 1856 are most interesting, as %rill 
be aeen from the following observations : 
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"The Stringy-bark tree of this part of the country (E. 
tetradonta) differs from the southern species, and 
although a Eucalyptus, it produces, angophora-like, a 
four-toothed calyx. Several other species of this genus, 
all trees, were noticed, of which two are highly orna- 
mental in producing scarlet flowers and lamellar bark, 
another in having a double operculum. I found it neces- 
sary, for the sake of satisfactory distinctions, to describe 
all the tropical Eucalypti (nearly thirty species) on the 
spot, and I was never at a loss how to discriminate 
between variety and species by considering all the char- 
acters of the trees collectively , and paying due attention 
to the soil, habit, structure and texture of the bark, the 
manner of its decortications ; consulting likewise, as very 
important, the insertion and form of the fruit-valves, 
which, before opening, form either a flat or more or less 
convex vortex to the capsule, a character which, beautiful 
as it is, can only be studied in living plants. Important 
also are the structure and form of the fertile seeds, most 
of the ovules becoming abortive ; the former are, in many 
kinds, provided with a very large wing, although the 
seeds of the generality of the species are wingless. As 
precisely by the same character Fahricia is separated 
from Lept08pennum, I do not hesitate to refer the former, 
as a subgenus, to the latter.” 

The late Mr. Maiden , 1 in commenting on the above, 
states: "What does all this lead to? To the fact that the 
conception of a species is based on empiricism, and that 
therefore we must rely upon human judgment in appor- 
tionment of a sufficient amount of variation to constitute 
a species. And in all cases in which we rely upon human 
judgment *we have the potentiality of human error. 


Unpublished manuscript. 
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“Although endless fun can be poked at the illogical 
positions in which we sometimes find ourselves by our 
conception of species, it is idle to attempt to abandon 
them, for plants will be labelled species on the evidence 
of our senses to the end of time. 

“With more intelligent ideas of the value of types, 
increased attention has been given, in recent years, to 
their preservation. A type is the only thing about a 
species that is fixed; it is a botanical lighthouse, and 
many men have suffered botanical shipwreck because they 
argued about a plant which they deemed or assumed to 
be the type and which was not so. What harm authority 
has done in this connection, particularly in Australia! 
A botanist has written about a plant, and we, unwarrant- 
ably assuming in a particular case that he has had access 
to the type, follow him, and stray even further from the 
path. 

“So important is the matter of types that a certain 
amount of terminology is gathering, and instead of being 
content with types and co-types, we have now nerotypes, 
clastotypes, clonotypes, spermotypes and even other 
terms in this connection. 

“Situated as we are in Australia with our types taken 
to the end of the world (for more than half a century), 
Mueller being the first resident botanist who checked this 
hitherto necessary state of things, it is often very 
difficult to obtain access to authentically named material. 
I am stating the facts as they are, not unfavourably com- 
menting upon them, for if the early types had not been 
taken care of in the British Museum and other great 
herbaria, I shudder to think what would have become of 
them. During the last few years there has been a 
recrudescence of botanical expeditions to Australia 
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organized in Europe, and if only for the reason that visit- 
ing botanists have always been given facilities for work 
in Australia, I trust that they will reciprocate to the 
extent of seeing that specimens of their types are made 
available in some part of this continent. 

"Personally I have always been treated considerately 
by the keepers of the great herbaria in my search for 
types of this genus, but because the difficulty of dealing 
with specimens at the other end of the world is naturally 
so great it is in the interests of science that we should 
put as many bridges across the space as possible.” 

Conclusion. 

In concluding this brief review, T have endeavoured to 
bring before you a few of the difficulties with which 
systematists are confronted. The technique of the older 
school of botanists is admittedly formidable, and ' » are 
now faced with a deluge of technical methods of classi- 
fication from the modern school of genetics. The torrent 
of literature on the subject increases year by year, so 
much so that we are reminded of that old adage of Lock, 
who tells us: "A man may find an infinite number of 
propositions, reasonings and conclusions in books of 
metaphysics, schools of divinity and some sorts of natural 
philosophy, and after all, know as little of God, spirits or 
bodies as he did before he set out.” 

The same line of reasoning may be used in connection 
with certain discussions concerning those invisible things 
in the realm of genetics and certain diseases of plants, 
as, for example, the so-called "ultra microscopical organ- 
ism of the Banana”, commonly known as "Bunchy Top”. 
It might i>Q wise to refrain from using such terms until 
we know something more definite about the cause of such 
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troubles, and are better able to cope with them ; otherwise 
we may find ourselves classed in the same category as 
Lewes’ declaration concerning philosophy, which he re- 
garded as “a desert, whose only semblance of vegetation 
is a mirage — the desert without fruit, without flower, 
without habitation and without horizon ; arid, trackless, 
.silent, but vast, awful and fascinating”, adding that "if 
we understand by Philosophy what all philosophers con- 
sider it — metaphysics — then to attempt to construct a 
science of metaphysics is an impossibility”. 

Our province as systematists is not in the mysterious 
labyrinth of mental speculations. We have innumerable 
characters visible to the naked eye which can be used 
with advantage when foraging in the fields of natural 
history research. 
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Preface. 

In this paper I have presented the results of a physical 
and mathematical study of the mitotic activity of normal 
and malignant tissues and the modifications produced 
in that activity by the action of X rays. It has been my 
aim to give a concise statement of the facts and theories 
in the most straightforward way, and in arranging the 
sequence of the various sections I have disregarded to 
some extent the order in which the investigations were 
made. 

This research, for the purpose of which I was granted 
leave of absence from the University of Sydney and 
partial support from the Cancer Research and Treatment 
Fund of that University, was carried out at the 
Staangeways Research Laboratory, Cambridge, and 
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Laboratory with the aid of a grant from the Medical 
Research Council. 

It is a pleasure to acknowledge my indebtedness to 
Dr. A. E. Barclay, Lecturer in Radiology in the Univer- 
sity of Cambridge, for his help and guidance; to Dr. 
H. B. Fell, Director of the Strangeways Research 
Laboratory, for instruction and critical advice in the 
tissue culture section of the investigation; to Mr. F. G. 
Spear, Radiologist in the Strangeways Research Labora- 
tory, for advice and many valuable suggestions; to Mr. 
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criticism in the analytical section of the work ; to 
Professors C. R£gaud and A. Lacassagne, of Plnstitut 
du Radium de PUniversit6 de Paris, for guidance and 
criticism in my studies of malignancy; to Dr. J. 
Chadwick, of the Cavendish Laboratory, for the loan of 
apparatus and measuring instruments and to Mr. V. C. 
Norfield, Assistant in the Strangeways Research Labora- 
tory, for co-operation in the preparation of routine 
cultures. 


E — June 1, 1932 
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Introduction. 

The discoveries of the Roentgen ray (1895) and radium 
(1898), and the development of the electronic theory of 
matter, revolutionised the attitude of the physicist 
towards biology, and of the biologist towards physics. 
The new outlook on physios provided the basis, and to 
some extent determined the lines along which modern 
biophysics has developed. 

The nature of life itself, however, still eludes us, and 
we can only study the way in which it is influenced by 
various physical forces and agencies. 

Radiations are physical forces, that can be measured 
and expressed in mathematical terms; they have a 
marked influence on living cells, *and constitute a suit- 
able instrument for the investigation of the problems of 
living matter. Just as radiations have elucidated the 
structure of the atom, so they may perhaps reveal the 
basic features of \ital processes. 

The effects of radiations on living cells have been 
studied and applied in the treatment of pathological 
conditions in man, for it was found that they sometimes 
had a beneficial influence. The treatment of disease 
commenced and continued on empirical lines, guided by 
experience. Many and diverse theories have been 
advanced, but little is known as to the manner in which 
the rays act on the living cell, or why they have, 
apparently, a selective action in certain conditions. 

The study of the effects of radiations *on the living 
cell grown in culture (m vitro) is a promising method 
for attacking many radiological problems, and has 
already yielded results of importance. The tissue culture 
method is of great value, because it enables us to 
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eliminate many secondary factors due to the physio- 
logical activities of the body as a whole, and to deter- 
mine how the cells themselves react. 

The work which follows deals with my own experi- 
ments, which were concerned with a study of mitotic 
activity in tissue cultures of normal fibroblasts, and 
Jensen’s rat sarcoma (in vivo ), and with the modifica- 
tions produced in the mitotic activity by X rays. I 
have made use of the mathematical method to reproduce 
the results of hypotheses in a form more suitable for 
comparison with experimental results, and, in one 
instance, to suggest lines of experimental research. It 
is necessary, however, to bear in mind the possibility of 
error that may be introduced if too much reliance is 
placed on a purely mathematical outlook on biological 
problems. The factor of life, for which as yet we cannot 
find a place in our formulae, may play an unsuspected 
part. 


Part I. 

The Mitotic Activity of Tissue Cultures and Its Modification 
by X Rays. 

1. The Statement of the General Problem. 

The experiments to be described were undertaken in 
order to study 

(a) the precise significance of the time of adminis- 
tration of a given dose of X radiation in the 
determination of the quantitative biological^ 
reaction ; 

(b) the mechanism of the disappearance of mitoses 
from irradiated tissue cultures; 

(o) the variation of the radio-sensitivity of a cell, 
according to its functional state; 
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(d) the effect of small doses of X radiation on 
mitosis, with special reference to the possi- 
bility of stimulating a tissue to increased 
activity. 

My work has revealed the existence of an intimate 
relationship between these apparently independent 
investigations. I have accordingly decided to consider 
the problem as a whole rather than in separate parts. 
The experimental work has therefore been presented in 
various sections, each section making an independent 
contribution to two or more sub sections of the general 
problem. 

2. Previous Woi'k. 

It has not yet been possible, through clinical or labora- 
tory studies, to determine whether, in the X ray treat- 
ment of malignant tumours, the best results are obtained 
by the use of a brief irradiation of great intensity or a 
protracted irradiation of small intensity. 

The only comparative clinical statistics that 1 can 
find are those of Laborde/ 1 ' which are gathered from 
various sources and relate to radium treated cancers of 
the uterus. Laborde concludes that there is not much 
difference in the results obtained by the use of the 
“massive” or the “protracted” technique. 

The studies of Kronig and Friedrich*^ were largely 
instrumental in establishing the “intensive” treatment of 
malignant tumours; from Germany this view gained 
ground throughout the world, but the method was 
always more extensively used in Germany than else 
where. It- is notably the French who were the pioneers 
of the “protracted” method of treatment, and the views 
of R A gaud are now widely recognised. 
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The subject has been studied in the laboratory by many 
people; from the vast literature I will note a few of the 
more important works. 

Holthusen (8) studied the effects of X radiation on the 
eggs of Ascaris and obtained a less effect with less 
intensity. 

Lazarus-Barlow (4) showed that a given dose of radia- 
tion was more destructive to the rectum of the rat when 
a large intensity factor was employed. 

Arntzen and Krebs (5> studied this effect on sprouting 
peas, and were able to demonstrate a decrease in the bio- 
logical effect when the intensity of the radiation was 
decreased. 

Matoni, <6) working with sprouting beans, and Suzanne 
Ancel, (7)<8> working with sprouting lentils, found similar 
results. 

The problem has been investigated on tissue cultures 
by Canti and Spear, (0) who found a less effect from 
radium treatment with decreased intensity than one 
would expect according to physical calculations. 

Russ and Scott (10) introduced radon capillaries into 
Jensen’s rat sarcoma and the liver of rats; the effect on 
the liver was found to be almost independent of the 
intensity. Only when the difference in intensity was 
very marked did the smaller intensity have relatively 
smaller effect. 

The latest contribution to the question has been made 
by Juul. (11) Juul employed white mice, bearing traner 
planted sarcoma and adenocarcinoma; the experiments 
were evidently very carefully conducted and the results 
indicate that the distribution of a dose of radiation (X 
and y rays) over a longer time gives less effect than the 
same dose administered in a short time. 
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In certain experiments on the effects of p rays on 
mitosis in Jensen’s rat sarcoma, Mottram, Scott and 
Russ (12) found that 180 millicuries of radium emanation 
acting for 30 seconds gave the same mitotic changes as 
did 30 milligrams of radium salt in 30 minutes. This 
result has been interpreted by Juul (11) as indicating a 
stronger effect from the greater intensity. I do not 
agree with Juul in this interpretation and I have dis- 
cussed the matter in the section of this work relating 
to Jensen's rat sarcoma. 

Lazarus-Barlow, (13) working with radium emanation 
and the eggs of Ascaris, Wood and Prime, (J4) who 
irradiated tumour cells, Packard/ 16 > working on 
Drosophila, Glocker, (10) who irradiated beans, and 
Laser, (l7) who studied the inhibition of growth in tissue 
cultures irradiated with the ft and y rays from meso- 
thorium, have shown that within the limits of their 
experiments, alteration in the time and intensity factors 
have no significance in the determination of the bio- 
logical reaction to a given (lose of X rays. 

The very recent experiments of Langendorff (B4) have 
likewise shown that the injury to the germ cells of the 
sea urchin was proportional to the X ray dose. 

Redfield and Bright (18) studied the thickening of the 
membrane on the irradiated eggs of Nereis limbata ; they 
found the greatest effect with the smaller intensity for a 
longer time. 

Zuppinger a0) studied irradiated eggs of Ascaris and, 
even though his experimental material wa's the same as 
that employed by Holthusen, (8) he arrived at opposite 
conclusions. 

The most significant and best known experiments in 
this regard are those of R£gaud/ 20) In 1922 R6gaud 
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carried out a series of particularly interesting experi- 
ments in which he employed the testes of rams. As a 
result of this work and his later work (21) on the testicle 
of the rabbit, R4gaud concludes that the radiation time 
is a more important factor than the size of the dose, and 
that protracted irradiation is more effective than inten- 
sive irradiation. He has also studied the problem of 
“splitting” the dose into various fractions, and has 
pointed out that, unless the dose is fractionated, it is 
impossible to bring about the total and complete sterilisa- 
tion of the testicle without producing lasting damage to 
the teguments of the rectum. 

Schinz and 81otopolsky (22 ' have made similar experi- 
ments with the testes of rabbits and obtained the same 
results. 

The results obtained from these experiments on 
increased time factor and “split dosage” have been 
explained on the assumption that the cells are most 
sensitive to radiation during the mitotic period. This 
conclusion leads us to a consideration of another aspect 
of the general problem, namely, the variation in radio- 
sensitivity of a cell according to its functional state. 

R£gaud <20 ’ emphasises the importance of irradiating 
all the cells in their most sensitive state — the stage of 
cell division. For this purpose it is necessary to make 
the irradiation period long enough for the majority of 
the cells to pass through this stage. R£gaud points out 
that there is no need of great intensity because such 
cells are relatively easy to destroy. 

Bergonier and Tribondeau, <28U24) R£gaud and Blanc, <25) 
and Krause and 52eigler (2fl) showed that the most rapidly 
proliferating tissues are most radio-sensitive. From this 
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observation they also concluded that cells are most 
readily destroyed during mitosis. 

I would like to point out here that this interpretation 
of a now very well known principle is not the only 
possible one. If the sensitive state was “pre mitotic” we 
would still find the most rapidly proliferating tissues to 
be most sensitive to radiation. 

Richards/ 27 ’ Grasnick/ 28 ’ Ilolthusen/ 29 ’ and Alberti 
and Politzer, (80)(81) working on ova and tissues from cold- 
blooded animals, support the wew that the cell in 
division is most sensitive to radiation. 

Mottram (J2 ’ irradiated the out of Asearis and the root 
tips of seedling beans; he found that (1) the dividing 
ova of Asearis are at least eight times as \ulnerable as 
resting ova, and (2) the most vulnerable stage in 
division is the metaphase. 

Langendorff^ 4 ' showed that in the irradiated germ 
cells of the sea urchin the maximum injury takes place 
immediately after impregnation, decreases slowly, 
reaches a minimum during the metaphase and increases 
again with the anaphase. 

Strangeways and Hopwood, (,,a ’ on the other hand, 
carried out certain quantitative experiments with 
irradiated tissue cultures, and by direct observation 
found that the decrease in the number of cells in mitosis 
was due to an inhibition of the onset of mitosis, and 
not due to the disintegration of cells whilst actually 
passing through mitosis. 

This conclusion is supported by Kemp and Juul, (34) 
who used tissue cultures, and Ancel and Vintemberger, (8,l) 
who irradiated whole chick embryos. These latter experi- 
ments have been vigorously criticised by R£gaud and 
Lacassagne. (86) 
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During recent years several studies have been made 
on the course of mitosis after irradiation. On the whole, 
the results agree in showing a gradual disappearance of 
normal mitotic figures from irradiated tissues, followed 
after a time by a reappearance of large numbers of 
mitoses, many of which are, however, abnormal. 

Lacassagne and Monod (87 ‘ studied this problem on 
uterine cancer after radium treatment and on dog 
sarcoma after X radiation. They found that the mitoses 
were affected at once, and disappeared within a very 
short time. After some time the mitotic figures began 
to reappear; they became more and more frequent but 
were all degenerate. 

These results are in fair agreement with those of 
Alberti and Poljtzer, ,a ‘ ,)(81>(38) who conducted experiments 
on the X rayed cornea of salamander larvae. 

Stoel (80) studied the action of radium radiation on 
normal mouse skin and tar carcinoma; he found minor 
differences in the mitotic changes produced in these two 
tissues, but the general effect was the same. 

Mottram, Scott and Russ U2; found similar changes in 
Jensen's rat sarcoma even after large radium doses. 

The finding has also been confirmed by R£gaud, (40) 
who used chick embryos, and Dustin <41>(42) in his inves- 
tigations on cancer of the uterus after radium treatment. 

In tissue cultures Canti and Spear (48) studied the same 
problem and under certain conditions found that the* 
subsequent increase in the number of mitoses exactly 
compensated for the initial fall. 

Kemp and Juul <841 have performed what appears to be 
the same experiment, but have failed to find any signifi- 
cant increase in the mitoses above normal. 
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This brings us to a further consideration of the very 
extensive literature on the stimulating effects (transitory 
or otherwise) of small doses of radiations. 

The term stimulating dose plays an important rdle 
in the earlier works on radiotherapy; the fear of stimu- 
lating the cancerous cells to more rapid growth played 
some part in the development of the “intensive” treat- 
ment of malignant growths. 

Gilman and Baetjer (44) studied the effects of small 
doses of X radiation on the development of the chick, 
and under certain conditions were able to produce an 
accelerated development. They obtained a similar result 
in their experiments on the eggs of Ambly stoma. 

Lazarus-Barlow and Bonney (4B) experimented upon the 
eggs of Ascaris and came to the conclusion that X rays 
and the radiations of radium, thorium, and uranium, 
possess two distinct properties. They may either 'avour 
or hinder cell division and are capable of acting indepen- 
dently on the ova in either manner. 

Lazarus Barlow and Beckton (40) found that small doses 
of y and the hardest p radiation from radium induce an 
initial acceleration in the rate of cell division in the ova 
of Ascaris; this was followed by a progressive retarda- 
tion of the development. 

Hastings, Beckton and Wedd (4 '’ ) showed that the rate 
of hatching out of silkworms could be increased by irra 
diation, and Markovits (48) show T ed that in parainoecia the 
first division following exposure to mesothorium was 
usually delayed, but the following divisions were 
accelerated. 

Kimura (49 * found that while the growing power of 
mouse sarcoma was stimulated by small doses of X radia- 
tion, mouse carcinoma was not appreciably affected. 
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Laser/ 17 ’ in the experiments already quoted, occasion- 
ally noted a temporary increase of growth in irradiated 
tissue cultures. 

Falta and Schwarz ( 60 ^ observed an accelerated rate of 
growth in irradiated oats, but Schwarz, Czepa and 
Schindler (S1) found no increase in the growth rate of 
irradiated seedlings. 

Arntzen and Krebs (ft ’ were able to demonstrate the 
existence of an absolute stimulatory effect in the 
Victoria pea, but Wigoder and Fatten (6,!J failed to find 
any evidence of increased activity in irradiated bean- 
roots. 

The latest contribution to the subject has been made 
by Miss Ooulston. (fi3) Miss Goulston irradiated the 
chorio allantoic membrane of a ten day chick embryo by 
making a window’ in the shell. Radium tubes w T itli active 
lengths of 1 cm., with 0-5 mm. gold platinum or 0-5 mm. 
platinum filter, containing from 2 to 5 mg. of radium 
element, were laid across the window without actually 
touching the membrane. After irradiation from 2 to 5 
hours and subsequent incubation for three days, macro- 
scopic examination revealed irregular thickenings; micro- 
scopic examination revealed in some cases marked 
hypertrophy of the mesenchyme. 

This appears to afford undoubted evidence of a hyper- 
trophic reaction to radiation, and, therefore, of a stimu- 
lating effect of the rays. 

This short review serves to illustrate the diversity of 
opinion that still surrounds some of the fundamental 
problems of radiological research. 

In my opinion this is due, at least in part, to lack of 
inforWtion concerning the normal mechanism of the 
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various biological reactions used to determine the effect 
of any given treatment. 

Further, the employment of heterogeneous radiation 
makes the accurate determination of the conditions under 
which any particular biological reaction occurs more 
difficult. The already complex nature of the biological 
material demands the maximum simplification of the 
physical conditions. 

So far, nobody has studied the inter-relation between 
the various phenomena, in the determination of the bio- 
logical reaction to a given treatment. I believe that it 
is not possible to comprehend fully the significance of 
the time factor, for example, without having at our 
disposal certain information relating to 

(a) the variation in the sensitivity of a cell accord- 
ing to its functional state; 

(b) the mechanism of the action involved in the dis- 
appearance of mitoses from irradiated tissue 
cultures. 

I have, therefore, attempted to study the whole problem 
from a different point of view, and the object of this 
investigation is essentially an analytical one. 

The work was begun by investigating the mechanism of 
the particular biological phenomenon that I proposed to 
employ as quantitative indicator of reaction, namely, 
mitotic activity in tissue cultures. 

I have also simplified the physical conditions of experi- 
ment by using a beam of approximately homogeneous 
radiation. 


Section 1, 

The Occurrence of Mitosis in Tissue Cultures. 
1. General Ideas. 
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In any quantitative research into the problems of 
radiotherapy we are obliged to choose some indicator to 
measure the amount of biological change induced by a 
given “dose” of radiation, and the advantages of employ- 
ing mitotic activity as indicator are: 

1. The cell is particularly vulnerable to radiations of 
various wave length, before passing into the stage of 
recognisable mitosis. 1 

2. The dividing cell has a distant significance in all 
growth phenomena. 

In a tissue culture in vitro increase in volume of the 
implanted fragment may be due to one or all of the 
following causes: 

(a) Multiplication of the cells by mitotic division. 

(&) Formation of intercellular substance which does 
not form an integral part of the cells. 

(c) Hypertrophy of individual cells. 

In normal cultures it is chiefly due to cellular multi- 
plication by mitotic division. (C5) The rate at which cells 
migrate from the implant depends upon several factors, 
and the subsequent history of an individual cell depends 
very largely on the conditions of its environment. Under 
favourable conditions the cell which has wandered out 
remains in the vegetative state for a certain length of 
time, reaches maturity, and divides, the daughter cells 
passing into the vegetative condition. 

This process is repeated (8tt) until the culture medium i» 
so modified by the products of cellular metabolism that 
the conditions for growth are no longer favourable. At 

1 This statement refers particularly to fibroblast cells in tissue 
cultures (see subsequent sections). It is not necessarily true, 
in general (see “Previous Work”, page 61 ). 




MITOTIC ACTIVITY. 


71 


this stage the rate of growth begins to decrease and 
sooner or later reaches zero. 

It has not been shown, however, that all growing cells 
after attaining maturity will necessarily enter mitosis. 
A cell may show amoeboid movement followed by repro- 
duction; it may migrate and remain in the vegetative 
state. Some workers claim a third possibility, i.p., fission 
accompanied by amitotic division of the nucleus. In the 
present analysis it lias been assumed that a constant 
fraction A of the vegetative cellR that have attained 
maturity will enter mitosis. 

The average time spent by a cell in the vegetative 
state is large compared with the time spent in the 
dividing state. The precise determination of these times 
presents considerable difficulties, owing to the fact that 
the commencement of prophase and termination of 
telophase are not always sharply defined. In this study 
average figures of ten hours and half an hour respec 
tively have been used, these figures being based on the 
observation of several workers/ 67 * (0H)(69) (fln) 

By studying local occurrence of mitosis in the peri- 
pheral zone of a growing culture of fibroblasts, Fischer (6M) 
observed that cell divisions appeared to occur 
periodically. “It is conceivable to explain the 
phenomenon”, he says, “as the result of a controlled 
action from several of the neighbouring cells with which 
the cells, about to divide, are in direct contact.” In 
other words, we are dealing with a partial organism 
and not with independent cellular individuals. Fischer 
found that on an average 2% of cells of a tissue culture* 
are in mitotic division at a given moment. 

When the whole zone of outgrowth is considered, 
Spear <ai) has observed that the total number of cells in 
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mitosis remains fairly constant and that, if mitosis is 
plotted against time, the resulting curve rises to a 
maximum value in about eighteen or twenty hours, 
remains fairly constant during the succeeding twenty- 
four hours, and then falls away. 

These two results are not inconsistent, because when 
dealing with the culture as a whole we are observing the 
integrated effects of the mitotic pulses described by 
Fischer. 


2. General Theory of the Occurrence of Mitosis in Tissue 
Cultures. 

If N = number of cells in zone of outgrowth at time t, 
T * average time spent in vegetative state, 

T x * average time spent in dividing state, 

A = that fraction of the total number of mature 
cells which enter mitosis, 

n t = number of mitotic figures present at any instant 
in an individual culture, 
then, in general, we may write 

N = f(t). 

The number of cells produced in the zone of outgrowth 
in the interval of time dt after time t * t A is given by the 
relation 

dN * f 1 (t,)dt, 

and these cells, or a constant fraction of them, A, will, 
after growing to maturity, enter the dividing stage at 
time t given by the relation 

t * t t + T. 

That is to say the curve representing the rate at which 
cells are entering mitosis follows closely the gradient of 
the purve representing the rate of production of new cells 
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in the medium, but is displaced along the axis of time to 
the extent of T hours. 


It follows that 


-JTIk 

** 4-. _ T _ T 


't-T- Ti 

and in general this reduces to the relation 
nt “X{ N t_T — N t-T-Tj} 

If over a range of time, expressed in hours, 
and t are mutually independent then 

--‘( 8 ) 2 , 

where t x is contained within the range. Since T x is 
approximately half an hour, we can write 

X/dN\ 


n *- tl+T= 2(dt) t . 


3. Application of General Theory. 

In order to apply the general theory to particular 
cases it is necessary to know something about the 
function f(t). The only way in which this problem can 
be approached is to make determinations of the relative 
rate of increase of area of the implanted tissue fragment. 
From observations on this rate of increase, “growth-rate 
curves” can be constructed, but it is not certain that they 
actually represent the rate at which new cells are being 
produced in the zone of outgrowth. Ebeling, (02) however, 
maintains that the thickness of the zone of new tissue 
remains reasonably constant, and that the rate of growth 
can be taken to be practically identical with the* rate of 
increase of area, an observation wdiich leads to interesting 


F — June 1, 1932. 
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results m the application of the general theory to 
particular instances. 

If the relative increase in area (A) of the zone of out- 
growth in a culture is plotted against time, curves are 
obtained as shown in Figure 2, and such curves can be 
represented by a relation of the form : 

A=M(1 -e-o*) 2 
where M and a are constants. 

If N « number of cells in zone of outgrowth at time t, 
K = constant, directly proportional to area of 
implanted tissue fragment, 
we may write 

N — K(1 -e-« *)i 
From this it is seen that 
dN 

^ — 2aK(e~ at — e~ 2at ) 

and it is clear that — rises from zero through a 
dt 

maximum value iaK corresponding to time 

t— -log e 2 
a 

and then falls away to zero, and in the vicinity of the 

dN 

point of inflexion of the growth rate curve — 

dt 

is sensibly constant. It is seen also that the mitosis- 
time curve rises from zero, attains its maximum value 
after time t given by 

t— -log e 2 +T 

(X 

and in the vicinity of this maximum the mitosis-time 
curve is sensibly flat. Ultimately the curve falls away to 


zero. 
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4. Condition for Mitotic Comparability of a Series of 
Culture Groups. 

For an individual culture we have 


X 

nuti+T =2 



t-t x 


and for a group of cultures 


Snt.tn-T — 



t-t t 


and it becomes clear that different groups of cultures 
from the same batch will each contain the same number 
of dividing cells if 

X2 =constant. 
throughout these groups. 

If we now assume that the relative rate of increase 
of area of a culture is independent of the size of the 
implanted tissue fragment, then for cultures prepared 
under any given conditions 



where 3> is the constant for the straight line portion of 
the growth rate curve. 

Thus 

XS(^)=2aX®SK 

and different groups of cultures will be mitotieally 
comparable over the range determined by 4> if 
2K * constant 
for each culture group. 

This means that the total implanted area of each group 
of cultures must be constant. 
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Further, it follows that if we represent the area of the 
zone of outgrowth of an individual culture by a, com- 
parison of one group of cultures with another is 
conditional upon 

2a - constant 

for each group of cultures. 

Subsequent work will show that the above condition 
for mitotic comparability is essential, but not necessarily 
sufficient. 

Let us now make some observations on the relative 
rates of increase of area of a series of cultures prepared 
under identical conditions. 

5. Experimental. 

The tissue used for cultivation was obtained from the 
choroid and sclerotic of chick embryos. The tissue frag- 
ments were grown on coverslips in a medium consisting 
of equal parts of fowl plasma and chick embryo extract 
and cultures of the second passage only were employed. 

Tissue fragments of various sizes were used and these 
were placed in the centre of the culture medium which, 
in each case, was spread out into a circle of the same 
size. This operation was readily performed by placing 
under the coverslip a sheet of paper on which was traced 
a circle of the required diameter. The area of the zone 
of outgrowth at any time could be determined with the 
aid of a camera lucida and planimeter. 

An example of the results obtained is given in Table 1, 
in which is shown the total area A* of the implanted 
fragment and the relative increase in area after various 
lengths of time from the commencement of incubation. 
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Table 1. 
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size are distinctly comparable over the straight line 
portion of the curves, but experiment shows that the 
differences become aggravated with the variation in size 
of the original explant. The variation is almost certainly 
nutritional in origin. It is obvious that the complete 
independence of relative rate of increase of area and 
size of implant would demand an infinite medium. 

It is seen that the growth curves are tending to 
become linear after about fifteen hours, and thus the 
mitosis curve becomes sensibly steady after about twenty- 
five hours and remains so for approximately a further 
fifteen hours. 

Spear has found that it is practicable to make com- 
parative use of mitotic counts in different groups of 
cultures provided they are used between the eighteenth 
and fortieth hour from explantation (second passage), 
and from mathematical considerations the steadiness of 
the mitosis curve would appear to be maintained for a 
few hours on either side of a point midway l>etween the 
limits mentioned by Spear. 

It can be shown that 


— -—a/ A' 
dt V 1 dt V 2 

a= vTi-vr; 

where A\ represents the area of the zone of outgrowth 


at time t x . The V^' curve for culture B has been plotted 
in Fig. 2, and it has been determined that 
a « 0*03 (approximately) 
when t is expressed in hours. 

The maximum value of the mitotic count is seen to 
occur at a time t given by the relation 


t=ilog e 2 -flO 
oc 
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and substituting the above value of a we find that 
t * 33 hours (approximately). 



Pig. 2 


7. The Average Frequency of Mitosis. 

It has already been mentioned that the average 
frequency of mitosis in the peripheral zone of outgrowth 
has been determined by Fischer as about 2% of the 
total cells present. A theoretical determination of the 
upper limit of the average frequency of mitosis in the 
whole zone of outgrowth can be determined from the 
general theory. 

We have 

N =K(1 — e~ at ) 2 
dN 

=2aK(e _at — e” 8 * 1 ) 
dN 

and the maximum value of — occurs at time t and is 

dt 

given by the equation: 
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If we assume That all the mature cells enter mitosis 
(A « 1) we obtain an upper limit to the average frequency 
of mitosis, and in this case the number of dividing cells 
present at time 

t « t, + 10 

will be given t * If the average value of~^ 

over the range of time tj to t 2 be represented by 



ti t, 


If we consider a range of time 2 $ in the vicinity of 
maximum mitosis then we may write 

ts=iloge2 +<I> 

CL 

tj ^-ilog e 2 — 0 
a 

and the corresponding time limits for the curve giving 
the total number of cells present in the zone of outgrowth 
are then seen to be given by 

t,=-log.2+<D+10 

a 

t,^ilog e 2-a>+10 
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and it is clear that 


1 

dN 

ti 


t, + 10 

2 

dt 

t, = 

n 

t,+10 


N 

t,4 10 

N 

fc, + 10 



ti + 10 


t» + 10 


Further, it can be shown that 



t, + 10 

n 

t,+10 

N 

t, + 10 


ti + 10 



Sin h aO 1 Sin li 2 
«<!> 2 2aO J 

-10a Sh* h aO e~ 20a Sin h 2 aO 
6 aO 4 2 a O 


and when a is small this reduces to 


1 

4 


a 


1 


-20 a 

-e-ioa+e— 

4 


substituting the value 

a = 0*03 

we see that the upper limit to the average frequency of 
mitosis is of the order of Vn ( /. This result is of par- 
ticular interest in so far as it is of the same order of 
magnitude as the figure determined by Fischer for the 
frequency of mitosis in the peripheral zone of cultures, 
where the conditions for growth are most favourable. 

e -S0g 

In general the values of a are such that can be 

4 

neglected in comparison with e-wa and the ratio 

t« + io 
n 

t, + 10 
M 10 

N 

t t +io 


reduces to 2*5%. 
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8. The Preparation of Comparable Groups of Cultures. 

For the successful preparation of comparable groups 

of cultures it is necessary that the following conditions 
should obtain : 

(a) The fragments of implanted tissue should all be of 
the same size. 

(b) Equal amounts of culture media should be used in 
the preparation of each culture. 

(c) The media should be spread into circles of the same 
area with the tissue fragment in the centre of the circle. 

(d) Each experimental culture should be checked by a 
corresponding control; such a “pair” being made from 
the bisection of a single piece of tissue of an earlier sub- 
cultivation. By this means it is possible to eliminate the 
introduction of errors due to inherent variation in the 
explanted tissue. 

Such cultures after twenty hours , incubation should 
all show a zone of outgrowth of equal size. Any un- 
healthy cultures can be seen at a glance and are readily 
eliminated. 

9. Conclusions. 

1. In tissue cultures, the rate of increase of area, 
relative to the implant, depends upon the size of 
the implant, and the amount of nutritive medium 
employed. 

2. From mathematical considerations it has been 
possible to show that under certain conditions the- 
frequency of occurrence of mitosis in tissue cultures 
is independent of the coefficient of growth rate and 
is equal to about 2*5%. This figure is of the same 
order of magnitude as the figure determined by 
♦Fischer for the frequency of 'mitosis in the 
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peripheral zone of cultures, where the conditions 
for growth are most favourable. 

3. The conditions essential to the preparation of 
mitotically comparable culture groups have been 
determined. 


Section 2. 

The Proportion Between the Various Phases of Mitosis 
in Tissue Cultures. 

The experiments to be described were performed in 
order to study the quantitative distribution of mitosis, 
amongst the various phases of division. 

1. Experimental. 

The tissue used was the choroid and sclerotic from 7-9 
day fowl embryos grown by the hanging drop method. 
Small pieces of tissue were cut into fragments and each 
fragment was transferred to a drop of culture medium, 
consisting of equal parts of a mixture of fowl plasma 
and a saline extract of chick embryo, placed on a cover 
slip. 

When the plasma clotted the cover slip was sealed over 
a hollow ground slide with paraffin wax, and the prepara- 
tion incubated at 38° C. Every forty-eight hours the 
fragment was transferred to a fresh culture medium. 

Thirty hours after the second sub-culture preparations 
were chosen at random, fixed, and stained. 

One then counted the number of prophase, metaphase, 
anaphase and telophase figures contained in each prepara- 
tion, but, before this was possible, it was necessary to 
have clearly in mind a sharp line of distinction between 
each phase. 
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In the prophase group one has counted those cells 
showing the various characteristic nuclear changes from 
the earliest ^recognisable up to, but not including, the 
arrangement of the chromosomes at the equator. 

The metaphase group comprises those cells showing the 
various characteristic changes, from the formation of the 
equatorial plate up to, but not including the migration of 
the divided chromosomes to the poles of the spindle. 

The anaphase group comprises all those cells showing 
the various characteristic changes from the migration of 
the divided chromosomes to the poles of the spindle up 
to but not including the appearance of constriction in the 
cytoplasm. 

The telophase group comprises those cells showing pro- 
gressive constriction of the cytoplasm; it extends up to 
but does not include the appearance of daughter cells. 
It often happens that a thin strand of cytoplasm connects 
the daughter cells for some time; such stages were not 
included in the telophase group. 

In some cases one was faced with the difficulty of 
classifying certain “limiting forms”, i.e., cells which 
appeared to tit equally well into either of two groups; in 
such cases the unique method of procedure was always to 
classify the cell in the same way. 

The classification of a small number of cells was found 
to be quite impossible, because, the orientation of the cell 
was such that the disposition of the chromosomes could 
not be discerned; the number of indeterminate mitoses in- 
each preparation was recorded. 

The results of counting ten different specimens are 
shown in Table 2. The first four columns give the 
•percentage ratio between the number of cells in each 
phase* 'and the total number of cells in mitosis 
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Table 2 


Prepara- 

tion. 

Pro- 

phase. 

Per 

100. 

Meta- 

phase. 

Per 

100. 

Ana- 

phaBe. 

Per 

100. 

Telo- 

phase. 

Per 

100. 

No. of 
indeter- 
minate 
mitoses. 

No. of 
mitoses 
l lassi- 
tied. 

A 

28 

34 

10 

22 

6 

110 

B 

24 

24 

14 

28 

3 

30 

c 

27 

29 

14 

21 

5 

57 

D 

22 

30 

8 

36 

1 

35 

E 

32 

32 

9 

20 

4 

70 

F 

23 

29 

9 

32 

2 

20 

G 

30 

30 

10 

30 

0 

10 

H 

39 

26 

8 

22 

4 

70 

I 

41 

31 

6 

16 

2 

30 

J 

37 

22 

8 

22 

5 

44 


2. Theory. 

We have already seen that, between 18 and 40 hours 
after the second sub-culture, the number of ells in 
mitosis is constant. It follows from this that the number 
of cells entering mitosis per unit of time is also 
constant, because the mean duration of mitosis is 
constant/ 67 * (O8)(O0W6O) 

If now we represent by n, , n 2 , n t and n 4 the number of 
cells in prophase, in meta phase, in anaphase, and in 
telophase respectively, by t,, t 2 , t< and t 4 the average 
duration of prophase, of metapliase, of anaphase and of 
telophase respectively, by T t the mean duration of mitosis, 
and by N the total number of cells in mitosis, it is easy 
to see that we must have 
n x n, n a n 4 N 
t l ~ti~t 8 "t 4 “T 1 

-A. 

N T x 


and 

etc. 


( 2 ) 
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3. Discussion. 

In view of the fact that at least two sources of error 
are unavoidably associated with this investigation, the 

alterations in the ratios 5i, etc., from one culture to 

JN 

another (as shown in Table 2) are not sufficiently large 
to indicate the existence of a real variation. 

By equation 2 this means that the average time spent 
by the cell in the various stages of mitosis is constant. 

Kemp and Juul (84) have stated that, in non-irradiated 
cultures, the proportion between the various phases is 
fairly constant, but have not given any figures in support 
of this statement. 

4. Conclusions. 

1. Under the conditions indicated the ratio between 
the number of cells in the various phases of milosis and 
the number of cells in mitosis is fairly constant. 

2. Under the conditions indicated, the ratio between 
the average duration of the various phases of mitosis 
and the average duration of mitosis is fairly constant. 

Section 3. 

The Mitotic Survival in Tissue Cultures Examined 
Immediately After Irradiation . 

The objects of this investigation may be summarised as 
follows : 

(a) To study the percentage survival of dividing 
cells in tissue cultures immediately after 
irradiation. 

(&) To analyse the problem of the effect of X rays 
on dividing cells. 
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(c) To correlate the experimental and analytical 
findings, and to interpret the experimental 
results in terms of the conditions of irradiation 
and the properties of the living cell. 

1. Material and Methods. 

Culture Technique . — The tissue was obtained from the 
choroid and sclerotic of chick embryos of 8 9 days’ incu- 
bation. The cultures were prepared by the hanging drop 
method and were grown in a medium consisting of equal 
parts of fowl plasma and a saline extract of embryonic 
chick tissue. The cover slips were measured with a 
micrometer screw gauge to ensure uniformity. The 
preparations used in these experiments were carefully 
selected from batches of cultures of the second sub 
culth ation. 

Radiological Technique . — A beam of approximately 
homogeneous radiation was used throughout this work. 
It is known that the probability of absorption of a 
quantum of energy is a function of the wave length of 
the radiation. It was therefore considered that the use 
of a monochromatic radiation was likely to enhance the 
possibilities of correlation and interpretation of experi- 
mental results. 

Such a beam of radiation was obtained by using a 
tungsten target in conjunction with a filter of hafnium 
oxide which was well rubbed into the surface of a sheet 
of paper. Since the K absorption discontinuity of the 
filter is situated just on the hard wave length side of 
the K a radiation from the target of the tube, the a radia- 
tion will be transmitted freely, the other frequencies 
being largely suppressed. 
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The tube was operated at a potential difference of 95 
kilovolts, and for comparative purposes the dose of radia- 
tion administered to the cultures was approximately 
determined in Friedrich’s “e” units. 1 

2. Experiments and Results. 

A number of cultures were selected, half of which were 
exposed to a beam of radiation for a predetermined 
period, and the remaining half were fixed and stained as 
controls. The dose, measured in absolute units, was 
about “5e”. During irradiation the cultures were main- 
tained at a temperature of 38° C., and immediately after 
exposure the specimens were fixed and stained. 

The number of dividing cells in the irradiated speci- 
mens was then counted and expressed as a percentage 
of that found in the controls. This ratio is referred to 
as the mitotic survival. 

The intensity of the beam was then altered in a 
definite ratio by changing the current in the tube at 
constant potential difference, and the relative values of 
the intensities were determined by the ionisation method. 2 
Another group of cultures was exposed to this beam, for 
such a period that the total dose received w r as equal to 
that given to the first group, i.e., the product of relative 
intensity, and time was maintained constant. These were 
then fixed and stained together with the control cultures 
as before. 

A series of such observations were made and one set 
of experimental conditions and results are summarised 

1 The “e” unit is the quantity of radiation which will produce 
in 1 c.c. of air under normal conditions an amount of ionieation 
that, as a saturation current, will cause a change of one electro- 
static unit of electricity in the measuring system. 

•For details of this technique see “A Contribution to Bio- 
phjfeics”, The Med. Joum . of Austraha , Jan. 12, 1929 
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in Table 3. The results are represented graphically in 
Fig. 3 (curve A). 


Table 3. 


Relative inten- 
sity of beam 


6 

3 

2 

1*5 

1 

Duration of ir- 
radiation in 







minutes 

20 

40 

60 

80 

120 


C. 

T. 

C. I. 

C. I. 

C. I. 

C. I. 

Number of cells 

43 

23 

56 46 

63 27 

37 33 

59 35 

in mitosis. 

27 

36 

63 39 

41 32 

65 25 

73 41 


36 

32 

42 60 

37 29 

33 29 

42 27 


28 

24 

61 30 

45 20 

48 31 

40 21 

Totals 

134 

114 

212 164 

170 108 

183 118 

j 214 124 

Number of sur- 
survivors ex- 
pressed as % 







of controls . . 

86% 

77% 

62% 

64% 

58% 


C - controls, I = irradiated. 



Fig. 3. 


<3 — June 1, 1932. 
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The results of similar experiments in which the dosage 
was increased to about “ 7e ” are shown in Table 4, and 
represented graphically in Fig. 3 (curve B). 

Table 4. 


Relative inten- 
sity of beam 

6 


3 

2 

1*6 


1 

Duration of ir- 
radiation in 








minutes 

20 


40 

60 

80 

120 


C. 

I. 

C. 1. 

C. I. 

C. 1. 

C. 

I. 

Number of cells 

40 

31 

33 23 

61 16 

36 20 

30 

12 

in mitosis. 

36 

28 

42 31 

37 21 

42 21 

66 

22 


29 

16 

60 15 

43 29 

60 16 

47 

17 


38 

36 

39 39 

28 16 

61 22 

23 

8 

Totals 

i 

143 no 

1 

164 108 

169 81 

179 79 

165 

59 

Number of sur- 
vivors ex- 
pressed as % 








of controls . . 

77% 

66% 

52% 

44% 

38% 


C - controls, I - Irradiated. 


Experiments were then made, in which the times of 
administration of a dose of “7c” units (approximately) 
were increased up to 4 hours. A set of observations is 
given in Table 5, and represented graphically in Fig. 4. 

3. Discussion of Results. 

From Fig. 3 we see that as the time of administration 
of the radiation increases from zero the number of sur- 
viving cells decreases continually. After an exposure of 
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Table 5. 


Relative intensity of 
beam 

6 

3 

2 

i 

1*5 

Duration of irradia- 







tion in hours 


1 

2 

3 


4 


C. 

I. 

C. I.‘ 

C. 

I. 

C. 1. 

Number of cells in 

34 

16 

36 21 

48 

22 

51 25 

mitosis. 

41 

21 

43 15 

37 

19 

46 19 


50 

14 

45 18 

52 

17 

33 39 


37 

27 

67 22 

29 

16 

39 21 

Totals . . 

162 

78 

190 76 

166 

74 

169 104 

Number of survivors 







expressed as % of 
controls 

48% 

40% 

44% 

61% 


C = controls, I = irradiated. 



Fig. 4. 
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80-100 minutes the curve becomes distinctly flattened and 
the Bunsen-Eoscoe law 1 is applicable. From Fig. 4 we 
see that the law again fails to apply when the time of 
administration of the dose is increased beyond 
approximately 180 minutes. At this stage the effective- 
ness of the dose on the culture is perceptibly reduced and 
the mitotic survival is in excess of that predicted by the 
application of the Bunsen-Eoscoe law. This may be due 
either — 

(1) To an increase in the radio-sensitivity of those cells 
which are distant from the dividing stage at the com- 
mencement of the experiment. 

(2) To a recovery of the cells in those experiments in 
which the duration of irradiation was more than 180 
minutes or to both. 

The conditions of this experiment seem to eliminate 
the possibility of recovery since the cultures were fixed 
and stained immediately after a continuous irradiation. 
Eesults of experiments to be described subsequently afford 
further evidence in support of the view that the 
phenomenon is not due to recovery. 

That irradiation with small doses produces no signifi- 
cant change in the average duration of the mitotic process 
has been shown by Spear. ( 821 The maximum dose adminis- 
tered in his experiments was sufficient to reduce the 
mitotic survival to about 10% after 80 minutes’ 
incubation. 

Spear’s observations also mean that, under the con- 
ditions of experiment, the average duration of the mitotic 
process for a cell which suffered temporary inhibition is 
not altered. 


^he Bunsen-Eoscoe law as applied to biological phenomena 
BtateB that the quantitative effect of radiation depends on the 
product of the intensity of the radiation and the time of exposure. 
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4. Analysis of the Action of Homogeneous X Radiation 
on Mitosis. 

The following analysis is built upon the hypotheses 
(1) that the decrease in the number of cells in mitosis 
is not due to the disintegration of cells whilst actually 
passing through division, but to the inhibition of some 
fraction of the total number of those cells which under 
normal circumstances would have entered division 
during the period of irradiation, i.c., it is assumed that 
under the experimental conditions a cell having entered 
mitosis completes the process irrespective of the irradia- 
tion; (2) that the radio-sensitivity of a cell is constant 
throughout that portion of the inter mitotic period 
considered in this analysis. 

The term radio-sensitivity as used in this research may 
be defined as the minimum number of absorbed quanta 
that will just prevent a cell from entering division . 

(a) The problem of survival in a cell group containing 
cells which are all in the same stage of development. 

Suppose we have a number of cells all in the same 
given stage of development during the administration of 
a dose of radiation. 

Let a = volume of sensitive zone or organ. <19)^08, “ (70, 
fi = coefficient of absorption of X rays in the 
tissue. 

q = dose of radiation administered, 
n = radio-sensitivity of the cells. 

N = number of cells in the group, 
ft = number of survivors, i.c., the number that 
enter the dividing stage. 

A = probability of absorption of one quantum of 
energy in the sensitive zone when unit quan- 
tity of radiation is administered. 
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t - time in which dose is administered. 

a=^7 - rate of administration of radiation, 
dt 

It can be readily shown that (l9)(68) - (70) 
r-0“7T~ 

where A, * /* a. 

This result is not directly applicable to a tissue culture 
because, in this case, the cells under irradiation are not 
all equally distant (in time) from their next division. 

Let ub consider the case of a tissue culture by means 
of a diagram. 

Suppose all the cells of a tissue culture to be dis- 
tributed within the following diagram (Fig. 5) in such 
a way that B-C contains all the cells that are in the 
various stages of division, and let the displacement of a 
cell from B in the direction B-C represent the displace- 
ment of the cell in time units from the propliase stage at 
B where the cells are just entering division. The cells 
at C are dividing into daughter cells and the distance 
B-C is a measure of the average time spent by the cells 
in the dividing stage. In a similar way let the portion 
C-D-A-B contain all the vegetative cells and let the cell 
displacement in the direction B-A from B represent the 
displacement, in time units, of the cells from maturity. 

The term “maturity” in this research is reserved for 
cells just about to enter the dividing stage, represented 
by the position of B in the above diagram. 

Spear (8l) has shown experimentally that over a certain 
range of time the number of cells in mitosis in a tissue 
culture is constant, and thus during this range of time 
the rate at which cells are entering mitosis must be 
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identical with the rate at which they are dividing into 
daughter cells. In a previous section I have shown that 
this is so from theoretical considerations. Further, these 



rates are fixed because the number of cells in mitosis 

dN dN 

during the equilibrium period is ^-T x where -j- is the 

rate at which cells are entering mitosis. 

(b) The problem of irradiation of a tissue culture 
followed by immediate fixation and observation. 

The conditions of this problem can be represented 
diagrammatically by that portion of Fig. 5 reproduced in 
Fig. 6. 



If a dose q of radiation is administered to a culture 
in time t, after which time the culture is fixed, stained 
and examined, it is seen that we are only concerned with 
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the effect of treatment on all those cells whose displace- 
ments from maturity (B) (Fig. 6) is less than (or equal 
to) t, and the individual cells in this group clearly 
receive doses before maturity which are proportional to 
their displacements from maturity. That is to say the 
dose received before maturity varies from cell to cell. I 
refer to this condition as “a non-uniform irradiation 
before maturity”. 

The number of cells in the group displaced from 


dN 

maturity is — dt 2 , and the dose received by this group 
(it 

before maturity is at,, and hence for this group we have 
a dN/, , .a^V, , (aXt,)"- 1 ! -*Xt, 

8 = dr \ 1+aXt ‘+— r dti 


and the number of surviving cells in the whole group is 



On reduction this becomes 


28 ; 


dNJ_ 
dt aX 


I- 


\|n-l 


+ 


2 (aXt) n 
In— 2 


4- -f- n 


> 


dN t f J 

dtXq| t=0 |r J 

The percentag(* survival in the group is given by 
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and is independent of the time in which any given dose 
is administered. If the cells had all remained in the 
same stage of development during treatment, we would 
have found 


_5?i_ s : *£ 

(©• lr 


and it can be shown that 


£S 

ss x * 


co (Xq) n 

=1+ni jw 

o |n 


and thus 

1_ 

Xq 


^[ n - 


\n-l 

X a q 2 


i(Xq)« 


I — | 

* "1ET ET 

(Xq)"-» 1„-Xq 

“=I J 


. . 4-n 


> 1 -} Xq -j — ny- + 4 


for all values of q greater than q = o. 

Two special cases must now be considered according 
as t> T,. 


Case I. t < T,. 

During the progress of any experiment surviving cells 
are entering mitosis, and those cells that were in mitosis 
at the commencement of the irradiation are continuously 
passing into the daughter cell stage. These two processes 
are superimposed and the observed effect (E) when the 
specimens are fixed and stained is the algebraic sum of 
both these processes. 

Thus when a dose q is given in time t the percentage 
observed survival is given by 

/dN\ _ /dN- 
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in which T l is the number of dividing cells present 

at the commencement of the experiment, t is the 

number of cells that have divided into daughter cells, and 
28 is the number of surviving cells that have entered 
mitosis. 


Thus 




The factor operating on -L in the last term of the above 
Ti 

expression is positive, independent of the time of adminis 
tration of the dose and for a fixed value of the dose and 
radio-sensitivity it is constant ($), and less than unity 
because from the expression 2H it is clear that 


<l> > o. 


also since SSc^—^t 

we have $> < 1. 

Thus we can write E —1—^(1 — O) 

where o < $ < 1, 

and it follows that the observed mortality 1 on the culture 
is greater when the time in which the dose is adminis 
tered is increased. 


The survival continues to decrease linearly until t * T x 
at which stage the value of E is given by 

E - $. 


If we write the survival equation in the form 







Percentage mortality + percentage survival = 1 
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it follows that if o » oo 

which also implies that t « o 
then E - 1 

and no effect is seen in the culture. This fact is readily 
explained and means that, irrespective of such treatment 
on cells in pre-mitotic stages, no progression of the 
various cell groups has been possible during the adminis- 
tration of the dose. 

Case 2. t > T,. 

This case is represented diagrammatically by Fig. 7. 



Fig. 7. 


All the dividing cells present at the commencement of 
the experiment have become daughter cells. Since we 
fix and stain immediately after irradiation, it is clear 
that we observe the effect of the radiation on the cells 
in the group A-C, because the survivors from the group 
A-B will have become daughter cells. 

Hence SS=^“s 1 ^- r f e-^fdt 

dt,_ 0 r J 

t — T 4 


and 



It can be shown that E is a decreasing function of t, 
and thus the survival continues to decrease as the time 
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of administration of the dose increases from T x onwards. 1 

2S can be put in the form 

-Xq «Xt n--l n — r / otTi\ r “z^n— r„ 

e 1 S^q r 1~ -E -r — X*q* 
r-o r H V q / r-o r 


/cLNx e 
\ dt / <xX 

and by expansion it can be shown that 

and the individual cells of the group are now clearly 
receiving the equivalent of uniform irradiation before 
maturity. 


5. Correlation and Interpretation. 

There is good agreement between the theoretical and 
experimental results provided the duration of irradia- 
tion is less than SO minutes (approximately). When the 
dose is administered over 100 minutes or more, the 
smaller changes in survival, predicted in the analysis, 
are no longer experimentally observed, being concealed 
within the experimental error. 

The cells are now, presumably, receiving the experi- 
mental equivalent of uniform irradiation before maturity, 
and the Bunsen-Roscoe law becomes applicable at this 
point. 

The linear fall of the survival curves shown in Pig. 3 
is seen to occur over a period of about 40 minutes. The 
analysis shows that this corresponds to the time spent 
by the cell in the process of division. Further, this 
result agrees well with the average figure (34) obtained 
by direct observation on living cultures. {57)(68)(8U)( ® 0) The 
reduction in the gradient of the survival curve (about the 


1 Sec* note 1, page 152. 



MITOTIC ACTIVITY. 


101 


point E) may be ascribed to the transition between non- 
uniform and uniform irradiation of individual cells 
before maturity. 

When the time of irradiation is about three hours 
(Fig. 4) there is an obvious divergence between experi 
mental and analytical findings. As already indicated, 
this may be ascribed to a decreased radio-sensitivity of 
the cells whose backward displacement in time from 
maturity is about three hours. It is hardly possible to 
locate exactly the point at which the radio sensitivity of 
the cells undergoes a change. The experimental results 
only indicate the region where the change becomes 
measurable by an alteration in the form of the survival 
curve. All we can conclude is that the results of this 
research are consistent with the views that — 

(a) The radio sensitivity of a cell changes when its 
displacement from maturity (backward in time) is some- 
thing less than three hours. 

(ft) The radio-sensitivity of a cell is maximum and con- 
stant during the 180 minutes (approximately) preceding 
division. 

6. Conclusions. 

(1) The results of this research are consistent with the 
view that the decrease in the number of cells in mitosis 
after irradiation is due to an inhibition of some fraction 
of those cells that would normally have entered mitosis 
during the period of irradiation. 

(2) Deductions from a large number .of observations 
on stained specimens indicate that the average time spent 
by the cell in the process of division is about 40 minutes. 

(3) The results of this research are consistent with 
the views that — 
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(а) The radio-sensitivity of a cell is constant and 
independent of its displacement from maturity 
provided that the displacement is less than 
about three hours. 

(б) The radio-sensitivity of a cell undergoes a change 
when its displacement from maturity is greater 
than about 180 minutes. 

(4) When cultures are fixed immediately after irradia- 
tion the Bunsen-Eoscoe law is applicable to the process of 
inhibition of mitosis provided that — 

(a) The time of irradiation is in excess of a period 
of about 100 minutes. In accordance with our 
interpretation of experimental results this 
period of 100 minutes can be identified with the 
period required to produce the experimental 
equivalent of a “uniform irradiation” before 
maturity. 

(b) The duration of irradiation is less than about 
180 minutes. Tn accordance with our interpreta- 
tion of experimental results, this period of 180 
minutes can be identified with the period 
required for cells, in the region of reduced 
radio-sensitivity at the commencement of 
irradiation, to enter mitosis. 

Section {. 

The Mitotic Survival in Tissue Cultures Incubated for a 
Period of Eighty Minutes After Irradiation. 

The objects of this investigation may be classified as 
follows : 

(a) To study the percentage survival of dividing 
cells in irradiated tissue cultures, incubated for 
80 minutes before fixation. 
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(b) To analyse the problem of mitotic survival in 
these irradiated tissue cultures. 

(c) To correlate the experimental and analytical 
findings. 

1. Experiments and Results. 

The general cultural and radiological techniques were 
the same as already described in Section 3. 

A number of cultures were selected, half of which 
were irradiated, and the other half were fixed and stained 
as controls. During the irradiation the cultures were 
maintained at 38° C. ? and after exposure were returned 
to the incubator for a period of 80 minutes before being 
fixed and stained. The mitotic sunival was determined 
as before, and this gave a measure of the effect of the 
treatment (irradiation plus incubation) on mitosis. 

The tube current and potential difference were main- 
tained at a constant value, and a series of cultures were 
irradiated for various lengths of time. The intensity of 
the beam in absolute units was about “5e" per 15 
minutes. The relation between mitotic survival and 
duration of irradiation was thus determined and the 
result plotted as a graph. 

The intensity was then altered in a simple ratio (2:1) 
by changing the current in the tube, at constant potential 
difference and another survival curve was determined. 
This was repeated with other intensities until a series 
of curves were obtained. 

As before, the relative values of the intensities 
(1:2: 4: 8) were measured by the ionisation method. 

Table 6 shows the results of a series of observations, 
and these are represented graphically in Fig. 8. In this 
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figure a dotted line is also drawn, indicating the mitotic 
survival for constant dosage. 


Table 6. 
Intensity—!. 


Duration of irradia- 
tion in minutes . . 

90 

! 120 

160 

200 


C. I. 

C. 1. 

1 

1 c. i. 

C. I. 

Number of cells m 

36 28 

30 31 

1 40 21 

41 26 

mitosis. 

51 40 

51 28 

31 35 

59 40 


32 34 

32 25 

63 26 

63 38 


40 34 

40 42 

35 31 

48 27 

Totals . . 

159 ’30 

159 126 

169 113 

211 131 

Number of survivors 
expressed as % of 
controls 

80% 

80% 

67% 

02% 


Intensity — 2 


Duration of irradia- | 
tion in mmutes . . 

40 

80 

120 

160 


C. I. 

C. 

I. 

C. 

I. 

C. 

I. 

Number of cells in 

43 50 

47 23 

51 

9 

50 

6 

mitosis. 

55 36 

33 11 

47 16 

48 18 


33 27 

46 26 

62 23 

37 13 


52 54 

42 

9 

38 

9 

29 

7 

Totals . . 

183 167 

168 69 

198 57 

170 44 

Number of survivors 
expressed as % of 
‘controls . . 

91% 

41% 

29% 

2«% 
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Intensity — 4. 


Duration of irradia- 
tion in minutes . . 

20 

30 

40 

55 


C. 

I. 

C. 

I. 

C. 

I. 

C. 

I. 

Number of cells in 

41 

35 

51 

29 

38 

17 

38 

8 

mitosis. 

52 41 

42 

32 

31 

13 

52 

20 


60 33 

50 

23 

45 

15 

39 

15 


39 41 

48 

34 

36 

17 

50 

16 

Totals . . 

182 150 

191 

118 

150 

02 

179 

59 

Number of survivors 
expressed as % of 
controls 

82% 

02% 

41% 

33% 


Intensity — 8 (“5e M per 15 minutes). 


Duration of ir- 
radiation in 
minutes 

10 

15 

l 

i 

20 

30 

40 


C. 

1 

1. 

C. 

I. 

C. 

I. 

C. 

I. 

C. 

1 . 

Number of cells 

47 

32 

30 

21 

41 

20 

43 

14 

41 

8 

in mitosis. 

40 36 

05 

29 1 

30 

11 

41 

10 

39 

3 


38 

25 

29 32 

42 

15 

51 

8 

42 

0 


42 

43 

30 

18 

39 

16 

40 

19 

49 

5 

Totals 

107 136 

100 100 

158 62 

175 

51 

171 

22 

Number of sur- 
vivors ex- 
pressed as % 
of controls . . 

82% 

00% 

39% 

29% 

13% 


C = controls, I = irradiated. 


H — June 1, 1932. 
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Fig 8 

2. Discussion. 

It is apparent from Fig. 8 that, for exposure times up 
to about 100 minutes, the Bunsen Koscoe law is applic- 
able to the process by which cells are inhibited from 
entering mitosis by X radiation. As the time of exposure 
is further increased the survival curves become flattened 
and the Bunsen Roscoe law is no longer applicable, the 
actual sunival being greater than that calculated by the 
application of the law. This may conceivably be explained 
either by — 

(1) an increase in the radio sensitivity of those cells 
which are distant from the dividing stage at Jhe 
commencement of irradiation, or 

(2) a recovery of cells during the period of incuba- 
tion, or by a combination of both processes. 

^ Evidence has been produced in a previous section to 
show that an increase in radio-sensitivity is the more 
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likely explanation. This is further confirmed by later 
experimental work. 

3. Analysis. 

If we analyse this problem as in the previous section, 
the conditions can be represented by that portion of 
Fig. 5 reproduced in Fig. 9 where 

tj = the time spent in the administration of the dose 
of radiation. 

t 2 = the duration of incubation subsequent to 
irradiation. 

T a = the average time spent by the cell in the process 
of division. 



Fig. 9. 


we see that 

(1) at the termination of treatment (irradiation and 
incubation) all the dividing cells present at the com- 
mencement of the experiment have become daughter cells 
because tj + t 2 is greater than T x ; 

(2) at the termination of treatment all the surviving 
cells from the group whose boundaries have co-ordinates 
0,(t 2 * tj - TJ have become daughter cells: 

(3) the co-ordinates of the boundaries of the cell group 
that comes under our observation when we fix and stain 
are (t, + t,), (t, f t,-T,) ; 

(4) the individuals of this group have all received 
“uniform irradiation’’ before maturity because the co- 
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ordinate of each boundary is not less than the time spent 
in the administration of the radiation; 

(5) the mitotic survival will, under these conditions 
of “uniform irradiation” before maturity, depend only 
on the dose of radiation administered, provided that the 
radio-sensitivity of a cell is independent of its displace- 
ment from maturity. The Bunsen-Roscoe law will be 
applicable and the time of administration of the dose 
will have no significance. 

4. Correlation and Interpretation. 

When the time of irradiation plus incubation is less 
than 180 minutes (approximately) there is a good agree- 
ment between the experimental and the theoretical 
results, i.e the deductions from our hypotheses have been 
experimentally realised. 

When the time of irradiation plus incubation is greater 
than 180 minutes approximately there is no longer an 
agreement. A measurable increase in the mitotic survival 
occurs in the cell group (180), (180 - T,), and this can 
be ascribed to the presence of surviving cells from a 
region of reduced radio-sensitivity. This does not neces- 
sarily mean that the radio-sensitivity of a cell changes 
abruptly when its backward displacement in time from 
maturity is about 180 minutes. All we can conclude is 
that the experimental results are consistent with the 
view that there is a change in the radio-sensitivity of a 
cell near that point. 

It may be noted that from the survival curves in Fig. 8 
we could construct curves showing: 

(a) The effect of increased dosage on pre-mi totic cell 
groups of given displacement from maturity, 
(h) The effect of a constant dosage on cell groups 
progressively displaced from maturity. 
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In the region represented by (t 2 n tj (Fig. 9) the 
radio-sensitivity of a cell is independent of its backward 
displacement from B, provided that t 2 + t 2 is less than 
180 minutes (approximately). We can now arrive at an 
estimate of the radio-sensitivity of a cell in this region 
in terms of quanta. 

The survival curves in Fig. 8 represent the result of 
‘‘uniform irradiation’’ of cells in pre-mitotic stages and 
the survival equation (vide Section 3) is of the form — 



It can be shown that at the point of inflexion of the 
survival curves in Fig. 8 we have 
Aq = n - 1 

and at this point 

d_/S\ ._e“ <n ~ 1) (n— l) n_1 

^dq \N/ ~ |n —2 
— — d>(n). 

This function has been tabulated, and from the survival 

curves it is possible to get some idea of the value qA 

dq VNV 

at the point of inflexion, but this point cannot be located 
very accurately. The approximate value is 0-8, and thus 
n is approximately 6. Hence it appears that about 6 
quanta are required to be absorbed to prevent the cell 
from entering mitosis. 

5. Conclusions. 

(1) The results of this research are consistent with 
the view that the reduction in the number of cells in 
mitosis after irradiation is due to an inhibition of some 
fraction of those cells which normally would have entered 
mitosis during the period of irradiation. 
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(2) Provided that the duration of irradiation plus the 
subsequent incubation is less than 180 minutes 
(approximately), the Bunsen-Roscoe law is applicable 
to the process of mitotic inhibition. 

(3) The results of this research are consistent with the 
views that — 

(a) The radio-sensitivity of a cell is constant and 
independent of its displacement from maturity, 
provided that the displacement is less than about 
180 minutes. 

(b) The radio-sensitivity of a cell decreases when its 
displacement from maturity is greater than 
about 180 minutes. 

(4) When the displacement of a cell from maturity is 
less than about 180 minutes, 6 absorbed quanta 
(approximately) are required to prevent the cell from 
entering division. 

S lection 5. 

The Mitotic Survival in Tissue Cultures when the Time 

of Irradiation Plus Subsequent Incubation is 
Maintained Constant. 

The objects of this investigation may be classified as 
follows : 

(a) To study the percentage survival of dividing 
cells in tissue cultures when the duration of 
irradiation plus subsequent incubation is main- 
tained constant. 

(b) To analyse the problem of mitotic survival* in 
these irradiated tissue cultures. 

(©) To correlate the experimental and theoretical 
findings. 

1. Experiments and Results. 

The general radiological and cultural techniques were 
the same as described in Section 3. 
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A batch of cultures was irradiated for a period of five 
minutes, and the dose administered in absolute units 
was about “5e”. At the termination of irradiation the 
cultures were returned to the incubator for 35 minutes; 
they were then fixed and stained, together with the 
controls. 

The intensity of the beam was then reduced to £th 
of its previous value and a second batch of cultures was 
irradiated for a period of 40 minutes, when they were 
fixed and stained. Each group of cultures thus received 
the same dose. 

The experimental conditions, and the number of mitotic 
figures in the irradiated and control cultures are shown 
in Table 7. 

Table 7 


Relative intensity of beam 

■ 

1 

Duration of irradiation in minutes . . 

5 

40 

Duration of incubation in minutes . . 

35 

0 


C. I. 

C. I. 

Number of cells in mitosis. . 

33 15 

37 23 


45 21 

29 35 


28 19 

45 17 


40 8 

52 23 

Totals 


163 98 

Number of survivors expressed as % 



of controls . . 

43% 

60% 


C = controls, I = irradiated. 
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Two more batches of cultures were then similarly 
irradiated, the beam intensities being in the ratio 3:2, 
and the period of incubation was adjusted accordingly. 
The experimental conditions and mitotic counts are 
recorded in Table 8. 


Table 8. 


Relative intensity of beam 


2 

Duration of irradiation in hours . . 


3 

Duration of incubation in hours . . 


0 


C. 

I. 

C. 

I. 

Number of cells in mitosis 

25 

10 

38 

23 


34 

32 

42 

12 


27 

26 

36 

15 


56 

16 

21 

28 

Totals 

142 

84 

137 

78 

Number of survivors expressed as 





% of controls 

59% 

■ 

67% 


C = controls, I = Irradiated, 


2. Discussion. 

From Table 7 it is seen that a reduction in the time 
of administration (with a corresponding increase in 
intensity) was accompanied by a reduction in the mitotic 
survival. From Table 8 it is seen that a reduction in 
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the time of administration of the dose was not accom- 
panied by a significant reduction in the mitotic survival. 

3. Analysis. 

If we analyse this problem as in Section 3, three cases 
arise for consideration according as tj + t^ T ly where 
t, = the time of administration of a given dose of 
radiation, 

t 2 *= the duration of incubation subsequent to 
irradiation. 

Case 1. tj + t 2 < Tj. 

These conditions are represented diagrammatically by 
that portion of Fig. 5 reproduced in Fig. 10. 



Pig. 10 


If the number of surviving cells in the group tj is 2Sj 
and the number of surviving cells in the group t 2 is 2S 2 
we have 



To find the effect of altering tj we determine 
-j—tSSj-f-SSj] subject to the condition 

dtj 


t x + t 2 - constant 
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We find that 

which is clearly positive. 

Thus as t t increases the survival increases and the 
mortality decreases. 

Thus the mortality sustained in a group of cells that 
are approaching a state of maturity is increased by 
reducing the time in which a given dose is administered. 
If we write t x 4 t 2 = t, * constant, we have 




and 


Hence 218, 4 2S a increases in value from 


to the value 




as the time of administration of the treatment increases 
from zero to t 3 . The “observed effect” on the culture in 
this case takes the form 


E — 




<§)*■ 


g-^-IBK+SS,] 


Now since 
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the observed mortality is clearly increased by reducing 
the time occupied by the irradiation. 

Case 2. t t + t 2 > T t . 

These conditions are represented diagrammatically by 
Fig. 11. 



Let t 1 + t 2 -t 8 *T 1 . 

Then if the survivors from the group AD (Fig. 11) 
are 2S 2 and those from the group D-E are SSj we have 



( 2 ) 


In this case it is clear that the observed effect (E) 
on the culture depends only on 2S X + 2S 2 and in deter- 
mining the variation of SS X + SS 2 with t, we note that 
the variations in a and are such that 
at x = q * constant. 

By an application of the Theorem of Mean Value it 
can be shown that the survival decreases as t 2 increases, 
and that it increases as t x increases. 1 


1 See note 2, page 152. 
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When t 3 « 0, SS 2 » 0 and the survival is given by equa- 
tion (2), and when t 2 - T u SSi * 0, and the survival is 
given by 




1 X*q* 

o l r 


(3) 


The survival cannot be further reduced by further reduc- 
tion in t,. Thus, if the time spent in the administration 
of irradiation plus incubation is constant and exceeds 
the average time spent by the cell in the dividing stage 
(TJ by a time t s then we see that if the time spent in 
the administration of the dose is less than t 8 the survival 
has a minimum value given by equation (3). 

This value is maintained until just exceeds t 3 and 
from this instant the sunival steadily increases up to 
the value given by equation (2) corresponding to time 
t 2 - 0 

can be put in the form 




and it can be shown, when the dose is given infinitely 
slowly, that 2S* and become identical. This means 
that the cell group under consideration must be infinitely 
distant from the dividing stage. 


Case 3. tj + t a - T x . 

These conditions are represented diagrammatically by 
Fig. 12. 



Fig 12 
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All the dividing cells present at the commencement of 
the experiment have passed to the daughter cell stage, 
and the observed effect (E) depends only on SS X + SS a . 
As before, 2S t + 28 a increases from the value 




corresponding to the survival when the dose is given in 
an infinitely short time t x ~ 0 up to the value 

1 StM 

corresponding to the administration of the dose in time 
Ti- 


4. Correlation and Interpretation. 

Over the range of cell displacements considered in this 
section, there is a good agreement between the theoretical 
and experimental results, ?>., the deductions from our 
hypotheses have been experimentally realised. 

The analysis shows that when the time of irradiation 
plus incubation is 40 minutes, the difference in mitotic 
survival (43% and 60% seen in Table 6) may be ascribed 
to the difference in the dosage received by the individual 
cells before maturity. 

In the case of cultures irradiated for five minutes and 
incubated for 35 minutes the fixed mitotic cells have 
apparently received an irradiation before maturity which 
was approximately “uniform”. 

In the case of cultures irradiated 40 minutes and 
incubated 0 minutes the fixed mitotic c^ils have presum- 
ably received an irradiation before maturity which was 
not uniform. 

When the time of irradiation plus incubation is three 
hours the difference in mitotic survival (59% and 57% 
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seen in Table 7) is not experimentally significant. This 
is because the difference predicted for this case by the 
analysis is concealed within the experimental error 
( 10 %). 

5. Conclusions. 

(1) The results of this research are consistent with the 
view that the reduction in the number of cells in mitosis 
is due to an inhibition of some fraction of those cells 
which normally would have entered mitosis during the 
period of irradiation. 

(2) The results of this research are consistent with 
the view that the radio-sensitivity of a cell, whose back- 
ward displacement in time from maturity is less than 
180 minutes approximately, is constant and independent 
of the displacement. 


Section 6. 

The \litotiv Survival in Tissiu Pultuns incubated for 
Various Periods Subsequent to Irradiation. 

Experiments have been described in previous sections 
concerning the effects of X radiation on mitosis m vitro 
when cultures were examined either immediately after 
irradiation or after a short period of incubation subse- 
quent to irradiation. It is now proposed to consider the 
changes which occur in cultures which are irradiated 
and then incubated for prolonged periods before fixation. 

Kemp and Juul, ( * 4) employing a beam of heterogeneous 
X radiation, found that the mitotic count in tissue 
cultures fell subsequently to irradiation and reached a 
minimum value in about one hour. On further incuba- 
tion, however, the mitotic count increased and, provided 
the dose had not been too large, reached the normal in 
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about three hours. A slight rise in the mitotic count 
above normal was noticed but no significance was 
attached by these workers to this observation. Previous 
to this, Canti and Spear (48) had exposed tissue cultures 
to radium and showed that after a short irradiation the 
initial fall in mitosis was followed by a definite rise 
above normal. The mitosis was a maximum about four 
hours after irradiation and the increase compensated 
almost exactly for the previous diminution in mitosis. 

The objects of the present investigation may lie sum- 
marised as follows: 

(a) To study the effect of approximately homogeneous 
X radiation on mitosis in tissue cultures incubated for 
various periods subsequent to irradiation. 

(b) To analyse the problem of mitotic survival in 
these irradiated cultures. 

(c) To correlate the experimental and theoretical 
results. 

1. Experiments and results. 

The general radiological and cultural techniques were 
the same as described in Section 3. 

A batch of cultures was irradiated for a period of ten 
minutes, and the dose administered, in absolute units, 
was about “5e”. They were then fixed and stained 
together with the controls. Further batches of cultures 
were then irradiated and returned to the incubator for 
periods of 20, 40, 60 and 80 minutes before fixation. 

Table 9 summarises the conditions of the experiment 
and the number of mitotic figures in the irradiated and 
control cultures. These results are represented 
graphically in Fig. 13. 
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Table 9. 


Period of in- 
cubation in 
minutes 

0 

20 

40 

60 

80 

Number of cells 
in mitosis. 

C. I. 
35 31 

41 29 

37 35 

29 41 

C. I. 
35 23 

41 32 

37 19 

29 36 

C. I. 
35 18 

41 23 

37 15 

. 29 35 

C. I. 
35 27 

41 31 

37 19 

29 30 

C. I. 
35 24 
41 18 

37 31 
29 22 

Totals 

142 136 

142 110 

142 91 

142 90 

142 95 

Number of sur- 
vivors ex- 
pressed as % 
of controls . . 

96% 

78% 

64% 

63% 

67% 


C = control, I - irradiated. 



irradiation in minutes 


Fig. 13. 
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In a further series of similar experiments, the periods 
of incubation subsequent to irradiation were increased 
up to six hours. The results are summarised in Table 10, 
and are represented graphically in Fig. 14. 

Table 10. 
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2. Discussion. 

From Fig. 13 it is seen that the gradient of the curve 
representing mitotic survival falls continuously for a 
period of about forty minutes; it then becomes rapidly 
reduced to zero. 

From Fig. 14 it is seen that an increase in the mitotic 
survival commences when the incubation period is about 
80 minutes. This observation is in good agreement with 
those of Canti and Spear ( 48 } and Kemp and Juul. (84) 

The process by which this return of mitosis takes place 
is undoubtedly due to a recovery of cells that were tem- 
porarily inhibited from entering mitosis. After four 
hours’ incubation, however, the survival definitely rises 
above normal. Canti and Spear ( 48 5 state three possible 
explanations. 

(1) The number of cells entering mitosis per unit 
of time is increased. 

(2) The time occupied for the process of mitosis to 
take place is increased. 

(3) A combination of both processes. 

In a later publication, Spear (82) was able to state that 
irradiation produces no significant change in the average 
duration of the mitotic process and therefore advanced 
the explanation that the increase in the survival above 
normal is due to the fact that the number of cells 
entering mitosis per unit of time is increased. 

3. Analysis. 

• If we analyse this problem as in Section 3, two cases 
arise for consideration according as to whether 

f i **■ ^2 > 

where t t - the time of exposure to the radiation 

t a - the duration of incubation subsequent to 
irradiation. 
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Case 1. t 1 + t a <T 1 . 

The conditions of this problem can be represented 
diagrammatically by that portion of Fig. 5 reproduced in 
Fig. 15. 



If represents the number of surviving cells from 
the cell group t„ and 2S 2 represents the number of 
surviving cells from the group t 2 we have. 



Since q is constant it follows that the observed effect 
on the culture is given by 


where $ x and $ 2 are each constant and < 1. 


It can now be seen that as incubation continues E 
decreases linearly until 

ti + 1, - T x 

and at this stage all the dividing cells present at the 
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commencement of the experiment have become daughter 
cells and the value of E is now given by 

E= F®1 + ^* 

Case 2. t t + t a > T r 

The conditions in this case can be represented diagram* 
matically by Fig. 16. 



The value of t 2 has now increased beyond that given by 
t 2 = T x — tj 

and E is given by the equation 

JB^+SS, 


E = 


dt • 11 


We have 


where t 3 - t x + t, - T x . 

It can now be shown that 

-^-[ESi+ESj] is negative 

uta 

but the decrease in E with incubation is no longer linear 
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and 56, + 2S t attains a minimum value given by the 
equation 



when t 2 « T a . 

At this stage all the cells in the group under considera* 
tion have received “uniform irradiation’' before maturity 
and there will be no further change in the observed effect 
on the culture unless (1) the radio sensitivity of a cell 
is a function of its displacement from maturity, (2) a 
recovery of cells takes place. 

4. Correlation and interpretation. 

There is good agreement between the theoretical and 
experimental results provided the period of incubation 
subsequent to irradiation is not more than about 80 
minutes. After this period cells that were tempo* <irily 
inhibited from entering mitosis by the X radiation begin 
to recover and the mitotic count steadily increases until 
it reaches normal. A complete recovery, however, could 
only bring the mitotic count of the irradiated cultures 
up to that of the controls. 

In previous work I have shown that there was a 
measurable change in the mitotic survival in irradiated 
tissue cultures. This was apparently due to a decrease 
in the radio sensitivity of those cells whose displace 
ment (backward in time units) from maturity was 
greater than 180 minutes (approximately). 

From the work of Kemp and Juul and Canti and Spear 
it is evident that the ability of a culture to recover is a 
function of the dose of radiation administered. 

The dose administered in the experiments described 
in this section temporarily reduced the mitotic survival 
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to about 50% of that seen in the controls, when the 
specimens were examined after 80 minutes’ incubation. 
We may reasonably assume that cell recovery was com- 
plete or almost complete in those cultures which were 
incubated for three hours or more subsequent to 
irradiation. 

The increase is the mitotic survival above normal 
observed in these experiments, therefore, appears to be 
*due to a complete or almost complete recovery of tem- 
porarily inhibited cells superimposed on an increased 
survival (due to decreased radio-sensitivity) in those cell 
groups which were displaced (backwards in time units) 
from maturity to the extent of about 180 minutes at the 
commencement of the irradiation. The conditions of this 
problem can be represented diagrammatically by the 
portion of Fig. 5 reproduced in Fig. 17. 


a t 

<* T, • 




T, . ... , 



c-t M 


« — 180 minutes 




Fig. 17. 


If a small dose of radiation is administered to a 
culture in time t, and the culture is then incubated for a 
period of 1$ + t t hours, it is clear that the “inhibited” 
cells from the group whose co-ordinates are 0 an<f t t 
are now superimposed on the survivors from the group 
whose co-ordinates are 

(li + t + t x ), (14 + t + ^-Ti). 
its ti is increased the position of the cell group 
(1£ \ t + Mt (li + t + t t - Ti) progresses towards A, 
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the point at which the radio-sensitivity becomes reduced 
and ultimately passes beyond this point. Now when 
ti - 3 hours the co-ordinates of the cell group in which 
recovery is occurring are 3 (3-Tj), and all the cells in 
this group receive “uniform irradiation” and conse- 
quently the inhibition produced is maximum. This 
inhibition is now superimposed on a cell group whose 
co-ordinates are 

(4} + t), (4 *h t - Tj) 

and which is situated in the region of reduced radio- 
sensitivity. Hence the maximum inhibition becomes a 
maximum recovery and this is superimposed on an 
increased survival due to the reduced radio-sensitivity, 
and it would appear that the stimulation assumes a 
maximum value when the duration of incubation subse- 
quent to treatment is equal to about 4 1 hours. At this 
point the maximum inhibition is superimposed on the 
survival in a cell group displaced to the maximum extent 
into the region of reduced radio-sensitivity. This con- 
clusion is in good agreement with the result of my own 
experiments and with the observations of Canti and 
Spear. 

Theoretically this stimulation should persist if the 
radio-sensitivity continues to decrease with increasing 
displacement from maturity and thus such a treatment 
as described would have the effect of permanently stimu- 
lating a culture. 

5. Conclusions. 

The results of the researches described in this and in 
the three previous sections indicate that: 

(1) The radio-sensitivity of a cell is a function of 
its displacement from maturity. 
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(2) The radio-sensitivity of a cell is constant and 
independent of its displacement from maturity 
provided that the displacement is less than about 
180 minutes. 

(3) The radio-sensitivity of a cell decreases when its 
displacement from maturity is greater than 
about 180 minutes. 

(4) The reduction in the number of dividing cells 
in an irradiated tissue culture is due to an 
inhibition of some fraction of those cells which 
normally would have entered mitosis during the 
process of irradiation. 

(5) The temporary increase in the mitotic count of 
an irradiated culture after four hours’ incuba- 
tion is due to the superimposition of a complete 
or almost complete recovery of temporarily in- 
hibited cells on an increased survival (due to 
decreased radio-sensitivity) in those cell groups 
displaced from maturity to the extent of about 
three hours at the commencement of experiment. 

Section 7. 

The Diminution in the Number of the Various Phases of 
Mitosis in Irradiated Tissue Cultures . 

An experimental study relating to the disappearance 
of the mitotic phases from irradiated tissue cultes has 
been made by Kemp and Juul. (84) I have made an analysis 
of this problem, built on the hypothesis that the dis- 
appearance of mitoses from irradiated tissue cultures is 
due to inhibition, and not due to disintegration. The 
similarity between the analytical and experimental results 
is very striking. 
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1. Analysis. 

We have already shown that, under certain conditions, 
the number of cells entering mitosis per unit of time in 

normal tissue cultures is constant (— \ . 

Wt/ 

If now we let 

ti - the average duration of prophase 
t 2 * the average duration of metaphase 
tg = the average duration of anaphase 
U = the average duration of telophase 
Ti * the average duration of mitosis 
we may immediately formulate the following results: 


Tj — 2 t r 

r-1 



etc., 

and 



where n 2 , n 2 , n 3 and n 4 represent the number of cells in 
prophase, in metaphase, in anaphase and in telophase 
respectively. 

If the diminution in the number of mitoses in an 
irradiated tissue culture is due to the inhibition of a 
proportion of those cells which normally would have 
entered mitosis during the period corresponding to the 
irradiation, then, after the administration of a dose, just 
sufficient to ensure the disappearance of all the phases 
of mitosis, the disappearance of the various phases will 
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be represented by the equations 

etc. 


in which n tj represents the number of cells in prophase 
calculated at time t after the commencement of the 
diminution in the prophase figures; it is supposed that 
the time of administration of the dose of radiation is 
small. 

The diminution in the number of cells in mitosis will 
be represented by 



Thus we may write 


= _! 

dt Vnj / t x 


£ 

dt 


- 4 

2 n tr 

r-1 

4 

X n r 

r-1 


it 


These results may be represented diagrammatically as in 
l-'ig. 18. 



Fig. 18. 
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If we plot the percentage of cells in the various stages 
of mitosis along the line A-B, and the time of observation 
(after the irradiation) along the line B-F, and if the dis 
tances B-C, C D, etc., represent the average duration of 
prophase, meta phase, etc., we see that the diminution 
in the number of the various phases of mitosis is repre 
sented by the lines A-C, J-D, I-E and H-F. The diminu- 
tion in the total number of mitoses is represented by 
the line A-F. 

This analytical result bears a striking resemblance to 
the experimentally determined curves of Kemp and Juul, 
and we thus have a further piece of evidence in support 
of the theory of inhibition. 

2. Conclusion. 

A mathematical analysis of the experimental results of 
Kemp and Juul, relating to the disappearance of the 
mitotic phases from irradiated tissue cultures, affords 
further evidence of the fact that the action of X radiation 
on mitosis is “inhibitive” and not “destructive”. 


Section 8. 

The Significance of Dosage in the Irradiation of 
Inter related Tissues. 

In the radiotherapeutic treatment of malignant 
tumours we are essentially concerned with the irradia 
tion of a nest of malignant cells which are themselves 
situated in normal healthy structures. 

The success of the technique depends upon the fact that 
the radio-sensitivity of the malignant cells is, in general, 
greater than that of the surrounding healthy cells: the 
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ideal technique is the one in which the difference in radio- 
sensitivities 1 is employed to greatest advantage. 

The object of this note is to show that in any such 
combination of tissues there is always one value of the 
dosage for which the difference between the biological 
effects in the two tissues will be a maximum. 


1. Analysis. 

In problems relating to the irradiation of cells and 
tissues it is known (19)(68) ‘ (70) that the relation between the 
fractional cellular survival and the dose of radiation 
administered takes the form : 

1 p-o r 


where Pi = the fractional cellular survival, 

Ai - the probability of absorption of one quantum of 
energy in the sensitive zone or organ when 
unit quantity of radiation is administered, 
q * the dose of radiation administered, 
n -f 3 * the minimum number of absorbed quanta 
required to destroy (or otherwise modify) 
a cell. 

If now we simultaneously irradiate two superimposed 
or inter related tissues of different radio-sensitivities, the 
survival equations in their most general forms may be 
written : 


p. 


=e 


■Vi 


(* t q) r 


r— 0 


where Ai > 0 
and A 2 > 0. 


( 1 ) 

(2) 


1 This difference in sensitivities Is technically known as the 
radio-sensitive interval. 
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If y represents the difference between the biological 
effects in the two tissues, we have: 

e -V^(W_ e -V|(W 

r -0 |r_ r -0 |r_ 

.ad i_ J r.— v -V'ML' + ^'Vs ? ar 

dq J 1 |n_ 2 jni 

Now when q = 0 
y = 0 

and as q oo 
y — » 0 

therefore y 1 must vanish at least once between 0 and oo 

and y 1 - 0 

when 


e ( VV q 


|nX 2 m+1 


Several cases now arise for consideration. 


Case 1 . Ai > A 2 , m > n. 

In this case we see that e ( \~\ )( » decreases from 1 to 

In X 2 m+1 

0 as q increases from 0 to oo and r Q m ~ n increases 

from 0 to oo as q increases from 0 to oo. 

Hence there exists a unique t, such that 

yU£) =o 

and in this case y 1 has only one zero and 

y^o. 

The graph of y as a function of q is shown in Fig. 19. 
It is seen that as the dose of radiation increases from 
0 to infinity the difference between the biological effect 
in the two tissues decreases from zero, attains a minimum 
value and then increases again to zero. The value of q, 
producing the maximum difference in biological effects. 
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can be easily calculated in terms of the characteristics 
of the irradiated tissues. 



rase 2. Ai > A 2 , m = n. 

In this caRe it is clear that 

"m * X 1 n + 1 

and there exists a unique solution as in Case 1. 

Case 3. Ai < A 2 , m > n. 

In this case e^-tya increases from 1 to oo as q is 
increased from 0 to oo and it ultimately surpasses any 
power of q. We also know that y 1 must have at least one 
zero value, and hence the curves 

yi=e ( VV fl 
In x.“+ 1 

and y *=jfej+r qm_n 

must cross an even number of times. Thus y 1 has an e^en 
number of zeros and the graph of y must cross the axis 
of q at least once, and when q * oo, y is clearly positive. 

This case is represented diagrammatically in Fig. 20. 
It is seen that as q increases from 0 to oo , the difference 
between the biological effects decreases from zero, attains 
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a minimum value, increases through zero to a maximum 
value, and then decreases again to zero. This result 
means that the survival curves given by equations (1) 
and (2) must cross, and, as before, the values of q pro- 



ducing the maximum or minimum difference in biological 
effects can be easily calculated in terms of the character- 
istics of the irradiated tissue. 

Case 4. Ai < A 2 , m * n. 

From the previous work it is clear that in this case, 
y 1 has only one zero value and the relation between y 
and q can be represented diagrammatically as in Fig. 21. 



Fig. 21. 
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Case 5. Ai « A a , m > n. 

In this case we see that 

y 1 * 0 

I s. w*. 


when 


Im Ai ®* 1 


qm-n 


and a unique solution again clearly exists. The relation 
between y and q can be represented diagrammatically 
by Fig. 22. 


r 



Fig. 22. 


Case 6. A x « A 2 , m = n. 

In this case it is clear that 

J = 0. 

2. Discussion. 

An inspection of the diagrams shows us that, for any 
possible combination of cells or tissues (except that com- 
bination of identical tissues considered in Case 6), we 
can always find at least one value of the dosage, for which 
the difference between the survivals will be a maximum 
or a minimum. 

Before it is possible to determine this dosage, we must 
know the sensitivities of the tissues in question. Very 
little precise information of this nature is available at 
present for human tissues, but the determination of sen- 
sitivities is a fairly straightforward problem. 
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> 

In view of the possible importace of this result in the 
radiotherapeutic treatment of malignant disease, it may 
be important to stress the fact that no hypotheses have 
been introduced into the above analysis. It is based 
entirely on experimental facts. 

The result follows, in a general way, from simple con- 
siderations. The shape of the curve relating dosage and 
quantitative biological effects in any one tissue is always 
sigmoid. The difference between the quantitative biologi- 
cal effects of the radiation in inter-related tissues will, 
therefore, be graphically represented by the algebraic 
difference between two such sigmoid curves. This differ- 
ence curve will always be of the same general shape as 
the curves already considered. 

3. Conclusion. 

An analytical study of the quantitative effects of radia- 
tion on cellular survival in inter related tissues leads to 
the conclusion that there is always one value of the 
dosage for which the difference between the biological 
effects in the two tissues will be a maximum. 

Part II. 

The Mitotic Aotivity of Jenaen’a Rat Sarcoma and Its 
Modification by X Raya. 

Previous Work. 

The fundamental investigations at the beginning of 
this century into the transplantability of malignant 
tumours opened w T ide vistas of the practicability of study- 
ing the influence of various factors on tumours. 

Among the first to carry out such studies was 
Jensen, (71> whose pioneering work in this field is known 
all over the world. 


J — June 1, 1932 
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Most experimental work on the influence of radiations 
upon malignant tumours has been based on the irradia- 
tion of transplanted tumour tissue in vivo or in vitro , 
followed by transplantation for indication of the effect 

While the earlier investigators were generally con- 
cerned with the histological changes produced by different 
doses of radiation, the more recent experiments have 
mainly centred around the problems relating to the lethal 
or sterilisation doses of tumours, the direct and indirect 
action of radiations on malignant tissues, and the experi- 
mental production of immunity. The results of these 
experiments are on the whole rather inconclusive, and a 
consideration of the extensive literature would take us 
too far afield. 

The problems of mitotic activity in malignant tumours 
and the modification produced by radiations have not 
received very much attention. 

The significance and possible importance of the mitotic 
index 1 in radiotherapy were studied by McConnell (72) in 
1908; McConnell made some observations on the relation 
between growth rate and mitotic activity in human 
cancers. By direct counting in a definite number of 
microscopic fields, he estimated the mitotic activity of 
each tumour, and found that this number was not a 
dependable index of the tumour’s growth rate. The author 
emphasised the impracticability of this index in thera- 
peutic work. 

In 1919 Kuss (73) studied the occurrence of mitosis in 
Jensen’s rat sarcoma, and found that the most rapidly 
growing tumours had the highest mitotic index. In 1926, 
however, and in collaboration with Mottram and Scott, 

* 1 The mitotic index is defined as the ratio between the number 
of dividing cells and the number of resting cells as determined 
by direct counting in a large number of microscopic fields. 
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Russ (12 ‘ came to the conclusion that the most rapidly 
growing tumours did not necessarily have the highest 
mitotic index. In my opinion, the results shown in this 
second paper actually support the earlier view. 

The experiments reviewed above were not very critical, 
because the growth rates were qualitatively described by 
such terms as “rapid" and “slow", etc. 

In 1923 Ih* Nabias and Forestier (74) attempted to set 
up a rational scheme of therapy, based on the mitotic 
index, but their work was immediately criticised by 
Holthusen (70, and Laborde (70) on the grounds that the 
mitotic frequency is disturbed by the irradiation, and 
that the distribution of mitoses in the neoplasm is 
irregular. 

There is one further significant series of experiments 
that may appear to support the original view of 
McConnell. 

White and Loeb, (77 \ liashford, Murray and Kowen, (78) 
and Woglom' 70 ’ have shown that a regressing neoplasm 
can be successfully transplanted. Woglom stated that 
division figures could be found up to the very edge where 
healthy tumour adjoins necrosis. These experiments 
mean that even when the growth rate of a tumour is 
negative the mitotic activity in the peripheral portions 
may be considerable. 

I have not been able to find any other material con- 
tribution to the study of mitotic activity in malignant 
tissues. 

The study of the modifications produced in the mitotic 
activity by radiations has likewise attracted little atten- 
tion. The only important contributions to the subject 
have been made by Lacassagne and Monod, (37) 
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Dustin, (41)<42) and Mottram, Scott and Russ/ 12 ’ and have 
already been noted in Part I. 

Section 1. 

The Occurrence of Mitosis in Jensen ’* Rat Sarcoma . 

1. Growth Rate Phenomena in Experimental Animal 
Tumours. 

The experimental propagation of malignant new 
growths leads to an apparently continuous proliferation, 
which is merely artificially divided up by the process of 
transference to successive hosts. The limits of growth are 
not attained in any one animal, and transplantation 
again becomes necessary after intervals which vary 
according to the rate of growth of the tumour, or to the 
degree in which the animal suffers from intercurrent 
disease. Thus the time of transplantation does not 
possess the importance of a natural starting point for 
the growth as such, neither does it coincide w’ith a 
terminal stage of the growth w ith w’hich the transplanta 
tion is effected. 

Alterations in the rate of growth of a tumour are 
caused by: 

(1) Transference from one strain of animal to 
another. 

(2) Transference from young to old animals of the 
same race or vice versa. 

(3) Variation in the site of implantation of the 
cancerous tissue. 

(4) Variation in the amount of tissue introduced 
and in the manner of introducing it. 

(5) Variation in the characters of the tumour cells 
( themselves. 
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The growth rate characteristics of a neoplasm that has 
been grafted into a particular animal is the immediate 
resultant of: 

(1) Cellular division. 

(2) Cellular hypertrophy. 

(8) Deposition of intercellular substance. 

(4) Degree of vascular engorgement. 

(5) Amount of necrosis. 

(6) Degree of regression. 

The microscopic examination of actively growing non- 
regressive rat sarcomata of Jensen has convinced me of 
the fact that the second, third and fourth factors do 
not make any significant contribution to the increase in 
volume of the tumour. In such tumours, therefore, the 
increase in volume is due almost entirely to cellular 
division. 

Let us now determine the growth rate characteristics 
of such a neoplastic tissue, composed entirely of actively 
proliferating cells. The only assumption made in the 
following analysis is that all the cells are in a state 
of active proliferation. 

2. Growth Rate Equation of an Actively Proliferating 
Tissue. 

Let N t = the number of cells present in the tumour at 
time, 

T x * the average duration of cellular division, 

T = the average duration of the inter-mitotic 
period. 

We can say that 

Ni-f(t), 

and since we know that 

f(t+T+Tj) «2f(t), 
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it follows that the growth of such a neoplasm is repre- 
sented by the simple exponential equation 

N t =tf 0 e at (*) 

in which N 0 is the number of transplanted cells that 
grow and a is the coefficient of growth rate. 

3. Discussion. 

We see that if all the cells of a tumour were actively 
proliferating, its rate of growth would be represented 
by a simple exponential curve. 

That the growth rate curve for the rat sarcoma of 
Jensen is exponential for many days was found by 
Russ (80) and later confirmed by me {vide Fig. 23). The 
ultimate departure of the growth curve from the expon- 
ential form can therefore be ascribed to the fact that 
some of the cells have ceased their active proliferation, 
i.e., the tumour is regressing or Incoming necrotic. 

Now in such necrotic or regressing tumours it is clear 
that the growth rate of a small part is no longer identical 
with the growth rate of the whole tumour. This is a 
very important consideration, and explains the difficulties 
encountered in the attempts that have so far been made 
to correlate the mitotic index and the growth rate of a 
whole tumour. 

The mitotic index is necessarily determined in micro- 
scopical sections; it varies with the growth rate of the 
part from which it was taken. The growth rate of a part 
can only be identified with the growth rate of the whole 
tumour, when the latter is non-necrotic and non-regr£s- 
sive, t.e., when its growth rate curve is exponential in 
form at the time of taking the section. 

We thus see why: 

(1) The mitotic index is not necessarily an infallible 
index of the growth rate of a whole neoplasm. 



MITOTIC ACTIVITY. 


143 


(2) A tumour with negative growth rate may con- 
tain many mitoses, i.e., a regressing neoplasm 
may be successfully transplanted. 

4. The Relation Between Mitotic Index and Goefficient 

of Growth Rate in an Actively Proliferating 
Neoplasm. 

In an actively proliferating neoplasm the growth rate 
equation takes the form 

N t ==N 0 e at 

If now we represent the number of cells in division at 
time t by the symbol n t , we have 
/dNt\Ti 

BLl^Ut/uu-T-Tl^T, (2) 

N « ' 

» si »■*$ < 3 ’ 

These results show that, in such a neoplasm, th mitotic 
index should be proportional to the product of the 
coefficient of growth rate and the average duration of 
mitosis. 

1 will now describe some experiments that were made 
in order to test the validity of this conclusion. 

5. Experimental. 

A series of rats were inoculated with Jensen’s rat 
sarcoma according to one or other of the two following 
techniques. 

In the first method a tumour was removed aseptically 
from a rat, minced into very fine pieces and placed in a 
sterile petri dish, with a few drops of sterile saline. 

The experimental animals were anaesthetised, epilated 
and swabbed with alcohol, over a small area, on the lower 
part of the abdomen. 
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The tumour material was then introduced sub- 
cutaneously into the experimental animals with a 
Bashford needle and syringe, and carefully pushed up 
into the axilla. 

In the second method a small incision, about 1 cm. in 
length, was made through the epilated skin of a rat; a 
blunt instrument was introduced into this incision and 
carefully pushed up into the axilla. A piece of tumour 
material, about l x ^ x i c.cm., was then introduced with 
fine forceps and the incision closed with sutures. 

Charts were then prepared showing the daily increase 
in volume of each tumour. A typical result is reproduced 
in Fig. 23. 



Fig. 23. 


If the shape of the tumour was perfectly regular, the 
volume could be accurately determined by direct 
measurement. 

When the shape of the tumour was irregular, the 
tumour was held up from the body of the rat and a 
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complete external cast was made in plaster of Paris. 
The east could be removed in two sections and the volume 
determined by measuring the amount of water required 
to fill the two portions. Portions of external casts 
obtained for tumours of different sizes are shown in 
Plate I. 

In some cases the volume of the tumour was directly 
determined by a simple water displacement method. 

6. Results. 


(a) Correlation between relative frequency of mitosis 
and growth rate. — An examination of the charts revealed 
a considerable variation) in the growth rates of the 
different tumours; the typical tumour, however, was one 
which doubled its volume in about four days, as also 
found by Russ. (73) 

A selection was made of progressively growing tumours 
that continuously doubled their volumes every tuo, four 
and six days respectively. Thus three series of experi- 
mental material were obtained, and this procedure also 
ensured the exponential form of the growth curve for the 
selected tumours. 


The average time T taken for a tumour to double its 
volume could be directly determined from the growth 
chart, as shown in Fig. 23, and the coefficient of growth 
rate was found from the relation 


0-6932 
r T 


(4) 


The rats were then killed, and small portions of tumour 
taken from different places were fixed with Zenker’s fluid, 
cut into section and stained with iron alum. 


Each tumour was microscopically examined for mitotic 
content. The number of dividing cells contained in 250 
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fields, chosen at random, was obtained by direct counting, 
and the results of this enumeration are shown in Table 11. 


Table 11. 



log e 2 

l°g«2 



48 

96 

144 


73 

37 

18 

Number of cells in 

69 

44 

27 

division 

65 

35 

17 

per 50 fields. 

81 

46 

30 


77 

39 

20 

Total 

365 

201 

112 

Mean per 50 fields . . 

73 

40 

22 


It is seen that, to a first approximation, the relative 
frequency of occurrence of mitosis in these tumours is 
directly proportional to a, the coefficient of growth rate. 

(6) The frequency of mitosis. — An examination of fixed 
specimens was made from the point of view of mitotic 
index. 

The number of cells (dividing and resting) contained 
in any microscopic field was determined by direct count- 
ing with a squared eyepiece. The average figure obtained 
for ten fields was 102 per field. The results are shown 
in Table 12. 

If this result is used in conjunction with the figures 
contained in Table 11, we can directly determine the 

mitotic index for any particular tumour. 
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By a rearrangement of equation (2) we see that 

T ‘-;© 

and if in this equation we substitute the appropriate 

values of a and Bi for the different tumours, i*e find 

the very interesting result that Ti is approximately equal 
to two hours. This means that the average duration of 
division is independent of the growth rate of the tumour. 

Tabif 12 


Number of cells 
per field. 



Total . . 1,022 


Average 

per field 102 

It thus follows that the variations in the growth rates 
of individual neoplasms of the same type depend 
exclusively upon modifications in the average duration 
of the inter-mitotic period. 

7. Conclusions. 

(1) The relative frequency of occurrence of cellular 
divisions in non-necrotic and non-regressing 
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tumours of Jensen’s rat sarcoma is proportional 
to the growth rate of the whole tumour. 

(2) The average duration of the process of cell 
division in these tumours is independent of the 
growth rate. 

(3) The variations in the growth rates of individual 
tumours of Jensen’s rat sarcoma depend 
exclusively upon modifications in the average 
duration of the inter-mitotic period. 

Section 2. 

The Effect of X Radiation upon Cellular Division in 
Jensen's Rat Sarcoma. 

The success of quantitative experiments upon mitosis 
in irradiated neoplasms depends ultimately on our 
ability to select a series of tumours with the same mitotic 
index. 

In their experiments on the effects of ft radiation on 
mitosis in Jensen’s rat sarcoma, Mottram, Scott and 
Russ u2) attempted to control the variation in the mitotic 
index by growing an experimental and control tumour in 
the same animal. Even under these conditions a 2:1 
variation in mitotic index was recorded. 

Now that we have established a relation between the 
growth rate of a tumour and its mitotic index, this diffi- 
culty can be very easily overcome. The selection of 
experimental and control tumours must be based on an 
examination of the growth rate charts for the individual 
tumours. 

I will now describe some experiments that were under- 
taken in order to study the quantitative effects of 
approximately homogeneous X radiation on mitosis in 
Jensen’s rat sarcoma. 
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1. Experimental. 

Throughout the following experiments I have used a 
sarcoma that had been propagated in the same strain of 
rat for a period of 10 years. The growth rate of these 
tumours was very uniform. Each tumour doubled its 
volume in the space of about four days. 

In each experiment six tumours were selected, three 
of which were submitted to a measured dose of 
approximately homogeneous radiation while the remain 
ing three served as controls. Care was taken to protect 
the body of the rat from the rays, so that the tumours 
only were irradiated. 

The irradiations were made with a Coolidge tube, 
immersed in a bath of oil, and excited with a Gaiffe* 
Gallot generator, working at 90 kilovolts. 

The rays were Altered by *th mm. tungsten and II mm. 
aluminium, and the dose administered was measured 
with a Solomon Tonometer. 

After the termination of each irradiation the tumours 
were allowed to remain undisturbed in the body of the 
rat for a period of two hours, i.e , for a length of time 
equal to the average duration of mitosis. At this stage 
the irradiated and control animals were killed, small 
portions of each tumour were excised and tixed in 
Dubosq-BrasiFs fluid. These pieces of tumour were 
finally made into section, stained with iron haunatoxylin 
and examined microscopically for mitotic figures. 

The number of dividing cells in 170 different fields 
was enumerated for each tumour (Irradiated and 
control), and in this way the mitotic survival (vide 
Part I) was obtained for each dosage. The results of 
the experiment are shown in Table 13 and represented 
graphically in Fig. 24. 
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Table 13. 


Dow in R unite 

| 0 

90 

150 

300 

Number of dividing 
cells in 170 fields 

193 

143 

70 

62 

Mitotic survival 


74% 

36-3% 

321% 



Fig. 24. 


From these results we see that: 

(1) Two hours after the administration of 500 R 
units the mitotic survival is reduced to about 
30%. 

(2) The mitotic survival dosage curve is very flat 
in the vicinity of 300 R. And the disappear- 
ance of a few more mitoses demands a relfu 
tively large increase of dosage. 

2. Discussion. 

Working with radiation produced under a potential 
difference of 40 cms. (between points) and filtered by 
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5 mm. aluminium, Samssonow** 1 ’ found that the steriliza- 
tion dose for this tumour was about 5,580 R. 

There is thus a very considerable difference between 
the amount of radiation required to sterilise the tumour 
and that required to inhibit the majority of the mitoses. 
(The term “inhibit” is here used with all appropriate 
reservations.) 

In the work already referred to (12> Mottram, Scott and 
Russ found that, one hour after exposure to 180 milli- 
curies of radium emanation for 30 seconds, or to 30 milli- 
grams of radium bromide for 30 minutes, the mitotic 
survival in Jensen’s rat sarcoma was reduced to about 
20%. This result has been taken by Juul (11 * to indicate 
a stronger effect from the greater intensity. When the 
results are analysed they are found to mean that the 
administration of either one-tenth of a lethal dose or 
one half of a lethal dose produces a mitotic survival of 
about 20%, one hour after the termination of the irradia 
tion. I would like to suggest that the result is not neces- 
sarily anything more than a testimony to the flatness of 
the survival dosage curve in the vicinity of a 20 f / 
survival. 

3. Conclusions. 

1. The amount of radiation required to sterilise the 
rat sarcoma of Jensen is very much greater than that 
required to inhibit the majority of the cells from 
dividing. 

2. Two hours after the administration of 300 R units 
the mitotic survival is reduced to about. 30%. 

3. The mitotic survival dosage curve is very flat in 
the vicinity of a dose equal to 300 R units and the 
inhibition of a few more mitoses demands a relatively 
large increase* of dosage. 



Mathematical Notes. 
Note 1 (page 100). 


We have 



Now, as t increases, the factor outside the integral 
increases, the range of integration decreases, and the 
integrand is a decreasing function of t. Hence if A is 
the mean value of the integrand in the range of integra- 
tion we have 


and the mean 
increases. 


28 t T, A 
dN=q • q -f ‘ A 

dt =T,A 

value of the integrand decreases as t 


Note 2 (page 115). 


We have 


2 ^+ 28 , ^(Xq)' t, r 

dt *• 


dt 


dt 

where atj « q - constant 
. t* 
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Thus 


SSH-2S 

dN 

dt 


*— t a F(q) 



where q>5>q~ 

now F(t) is a decreasing function of t and t x + t, is 
constant. Thus when t 2 is increased is decreased and 
the mean value F(£) of F(t) in the range of integration 
is decreased. 


Now if t 2 is increased by 8t we get 

FSt)F(q) +(t, -St -t,)P(C) 
dt 

where q'>5 1 >5^ > <lr 

t i 

mu ■ . SSj 1 . 

The increase in — — - is then 
dN 

dt 

StF(q) -MFfc 1 ) + (t 2 -t 3 ){F(^) -F(5)} 
and since 

F (q) < F (?) 

and 

F(£') < F«) 

it follows that the increase is negative. 
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Explanation of Plate I. 

Portions of external casts obtained for tumours of different 
sizes. 
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THE CHEMICAL CHANGES INVOLVED IN THE 
FORMATION OF AMINOAZO COMPOUNDS. 

Part I. 

By John Campbell Earl, d.Sc., Ph D , 
and Norman Frederick Hall, b.Sc. 


< Read before the Royal Society of New South Wales, June 1, 1932.) 


The question as whether diazoaminobenzene is neces- 
sarily formed as an intermediate stage in the production 
of aminoazobenzene arises as a natural sequence of the 
investigations already described on the behaviour of 
diazoaminobenzene with acids (this Journal, 1929, 63, 
89; 1930, 64, 96). Although at one time the view was 
widely held that a migration of the diazo group from 
its point of attachment to nitrogen to the para position 
in the nucleus was the change involved in the conversion 
of diazoamino into aminoazobenzene, it has recently 
become increasingly evident that a better explanation 
is to postulate a fission of the diazoamino compound and 
a re-combination of the fragments to yield the aminoazo 
derivative. It has been shown by Rosenhauer (Bcrichtc, 
1931, 64, 1438) that the formation of benzenediazoamino 
azobenzene (Earl, this Journal , 1930, 64, 96) during the 
conversion is probably due to aminoazobenzene coupling 
in the diazoamino sense with free benzenediazo salt in the 
reaction mixture. This explanation is obvious in view 
of the facility with which Rosenhauer found such a 

June 1, 1932. 
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reaction to take place, but it is curious to note that 
Vignon (Comptes rendu * , 1905, 140 , 91), who tried to 
bring about this type of coupling, was unsuccessful in 
doing so. There is no doubt, however, that the “fission” 
theory accounts better for the formation of benzene 
diazoaminoazobenzene than any modification of the 
“migration” theory. 

The experiments described in the present paper were 
originally initiated with a view to obtaining some 
information as to why diazoaminobenzene is formed from 
diazo compound and amine under some conditions and 
aminoazobenzene under others. The answer to this 
question is not yet forthcoming, but observations have 
been made which throw considerable light on the funda- 
mental reactions of the diazotisation process. 

In methanol as solvent, at 0°-3° O., two molecular 
proportions of aniline hydrochloride and one of sodium 
nitrite wert* found to react to give some diazoamino- 
benzene, but the greater part of the aniline apparently 
remained unattacked. At 14°-1G° C., however, the same 
substances, present in the same proportions, led to the 
production of a good yield of aminoazobenzene. Such 
a marked difference in behaviour by the variation of the 
temperature factor alone suggests the possibility that it 
is not two competing reactions of different velocities 
between diazo compound and amine which are involved, 
but rather an intramolecular change of one of the 
reactants between 3° C. and 16° C. The diazo salt, 
notoriously an unstable molecule, is naturally the 
reactant to be suspected of such a change. 

A statement by Cain (Chemistry and Technology of 
thb Diazo Compounds, 1920 edition, p. 89) that 
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nitrosamines and primary amines condense to give diazo- 
amino compounds was ftrst scrutinised in this connection. 
The implication of such a statement, if accurate, is that 
the diazoamino coupling might depend on the presence 
in the reaction mixture of the nitrosamine form of a 
diazo oxide, the reaction proceeding thus: 

C 0 H # NH.NO -f CJI 6 NTI 2 C 0 H c NIT.N : NC U H 6 4 IU> 

However, phenyl benzyl nitrosamine showed no 
tendency whatever to react with aniline under acidity 
conditions usually favourable to the formation of diazo- 
amino compounds, so that, in all probability, the existence* 
of a nitrosamine in the reaction mixture is not the cause 
of the diazoamino coupling. 

An intramolecular change occurring in one of the 
reactants taking part in a coupling might possibly bring 
about a sudden, if small, change in the volume of the 
reaction mixture. On this account, therefore, a m« thanol 
solution of aniline hydrochloride (2 inols) and sodium 
nitrite (1 mol), as previously employed, was heated 
slowly in a dilatometer over a range of temperature from 
7° to 17° C. Several experiments were carried out, and 
in every case a marked discontinuity in the volume- 
temperature curve was observed (Diagram I 1 , curves Ai, 
A 2 , A a ), there being usually a definite contraction in 
volume over a fraction of a degree. The point at which 
the discontinuity occurred appeared to be influenced by 
small variations in the composition of the reaction 
mixture and in the conditions of experiment. Also, the 
most pronounced change in the colour 'of the solution, 

1 In Diagrams I and II the curves are not plotted to equivalent 
co-ordinates for temperature and dilatometer readings, it being 
desired to emphasize the form of the curve rather than a 
mathematical relationship. The essential numerical data are 
given in the table at the end of the paper 
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indicating tlie formation of aminoazobenzene, took place 
at the temperature at which the contraction occurred. 


In amplification of these preliminary observations, 
further experiments were made on the same plan. It 



was found that when equimolecular proportions of aniline 
hydrochloride and sodium nitrite were used, the dis- 
continuity in the volume-temperature curve did not 
appear er, possibly, occurred at a higher temperature 
(Diagram I, curve B). Methanol solutions of aniline 



AMINOAZO COMPOUNDS. 


1(51 


hydrochloride alone and of benzene diazonium chloride, 
prepared according to the directions of llantzsch (1ier. y 
1901, 34 , 3338) alone, showed no discontinuity (cur\es 
C and D). On the other hand, methyl aniline hydro- 
chloride or benzyl aniline hydrochloride when mixed with 
sodium nitrite in the proportion of two mols of the 
hydrochloride to one of the nitrite showed similar 
behaviour to aniline hydrochloride itself (Diagram TI). 

Some chemical evidence also, which must be taken into 
consideration in framing an explanation of the above 
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results, is forthcoming. Equimolecular proportions of 
aniline hydrochloride and sodium nitrite dissolved in 
methanol at 0° C. yield a solution which when poured 
info alkaline ft-naphthol gives no coloration. The addi- 
tion of one drop of hydrochloric acid to a quantity of 
such a solution is sufficient to confer upon it the property 
of giving the usual diazo reaction with /1-naphthol. 

It is to be expected, and no doubt has been generally 
assumed, that the first action between aniline and nitrous 
acid gives aniline nitrite, which then undergoes further 
change. The nitrites of a number of organic bases have 
been isolated from time to time and examined (Bam- 
berger, llcrichtv , 1SS9, 22 , 771, Anwi/rw, 257 , 19; NoyeH, 

. 1 m. Chvm. flour., 1898, 15 , 589; Wallaeh, Annalm, 353 , 
318; also a number of later papers by Kay and Rakshit, 
Neogi and others). The primary amine nitrites are decom- 
posed on heating, more or less readily, nitrogen and the 
corresponding hydroxy compound being produced, while 
the secondary amine nitrites yield nitrosamines. Although 
most of these observations were made on aliphatic and 
alieyclic amines, there is c\ery reason to believe that 
aromatic amines belune in essentially the same manner 
(Wallaeh, lor. cit.) The familiar existence of aromatic 
diazo compounds indicates merely that compounds of 
this type are more stable in the aromatic than in the 
aliphatic series. 

Our knowledge of the properties of nitro and nitroso 
groups leads us to expect that the amine nitrites would 
tend to undergo change into compounds of the type repre- 
sented by Formulae 111 and IV, the former being derived 
from a primary and the latter from a secondary amine. 
This change involves merely the transference of hydrogen 
from nitrogen to oxygen atoms. 
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III. R.NH.N(OH) 2 . IV. ® \ N.N(OH)*. 

Lobs of water from such intermediate products could lead 
in either case to the formation of a nitrosamiue, but in 
the case of the primary amine the formation of a diazo 
compound, or of nitrogen and a hydroxy compound is 
also possible. 

All the experimental evidence now brought forward 
supports the conclusion that the volume change indicated 
by the dilatometer readings is brought about either by 
the change of an amine nitrite into the typical inter 
mediate, or by loss of water from the latter. The change 
requires, apparently, the existence of a certain hydrogen 
ion concentration in the reaction mixture, this being 
provided by the excess of amine hydrochloride. It is 
noteworthy that methylamine hydrochloride (2 mols) 
and sodium nitrite (1 mol) do not give the characteristic 
volume-temperature curve, bui hen* the strengtn of the 
base may militate against the development of a suf- 
ficiently high hydrogen ion concentration. In this eon 
nection, reference must be made to the work of Taylor 
(Jour, Chem. tfoc., 1928, 1099) on the action of nitrous 
acid on amines. lie found that equimolecular pro 
portions of methylamine and nitrous acid do not react 
with destruction of the amine at 25° C. Excess of 
nitrous acid, lioue\er, brought about the disappearance 
of the methylamine* at a measurable rate, that is, in the 
light of the present work, the hydrogen ion concentration 
had been increased sufficiently to allow of the rearrange 
ment of the amine nitrite. The apparently contradictory 
effect of the addition of a relatively large quantity of 
sulphuric acid in retarding the decomposition of tin* 
methylamine, is readily explained by the supposition that 
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much of the amine nitrite was thereby converted into 
the sulphate of the amine. 

This work is being continued, with special reference 
to the isolation of aniline nitrite, and the investigation 
of itR behaviour. 


Experimental. 

The Interaction of Aniline and Sodium Nitrite in Methanol 
Solution. 

At 0 3° C. 

Aniline hydrochloride (10 grams) was dissolved in 
methanol (80 cc.) and cooled to 1° to 3° C. A solution 
of sodium nitrite (2-8 grams) in methanol (200 cc.) 
was added with stirring over a period of 65 minutes. 
At no time during this period was any definite red 
coloration with alcoholic alkali observed. The reaction- 
mixture was poured into ice-cold, dilute caustic soda 
solution, and after standing for some time the precipi- 
tated yellow solid (1-1 grams) was filtered off and 
identified as diazoaminobenzenc. The alkaline solution 
contained aniline (bleaching power test). 

At lJrl6° C. 

The same proportions of the reagents were taken, the 
sodium nitrite solution being added to the aniline hydro- 
chloride solution over a period of 1J hours. The tem- 
perature was maintained at 14°-1C° C. during the addi- 
tion and for a further 2f hours. During the greater part 
of this period samples of the reaction -mixture produced 
the characteristic red colour with alcoholic alkalies. 
When this reaction >\as no longer shown, the mixture 
was poured into ice-cold dilute caustic soda solution and 
extracted with benzene. By passing hydrochloric acid 
gas into the benzene solution, the aminoazobenzene was 
precipitated as its hydrochloride (4*7 grams). 
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Attempted Condensation of Nmitrosobenzyianlline (Phenyl 
Benzyl Nitrosamine) with Aniline. 

(а) The nitrosamine (1 gram) and aniline (0*45 
gram) were dissolved in alcohol (8 cc.) and the solu 
tion allowed to stand for 20 hours. After pouring into 
water, the precipitated material was filtered off and 
identified as unchanged nitrosamine. 

(б) An alcoholic solution of the same composition as 
above was poured into a solution of acetic acid (2 cc. ) 
and potassium oxalate (8 grams) in water (160 cc.). 
The mixture was stirred thoroughly for six hours, after 
uhich time the solid was filtered off and identified as 
unchanged nitrosamine f 0*05 gram). 

intirnul 





M — June 1, 1182. 
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Dilatometric Measurements on Reaction-Mixtures Containing 
Amine-Hydrochlorides and 8odium Nitrite. 

A simple dilatometer of the type illustrated in Diagram 
V was employed. The instrument with the tap open was 
immersed in a bath brought to the initial temperature 
of the experiment. After a few minutes the cold solution 
(all the mixtures were prepared at about 0° C.) to be 
investigated was poured in, and when the volume had 
become constant the tap was closed. Thereafter, readings 
on the graduated limb of the dilatometer were taken 
at one-tenth or one-twentieth of a degree intervals as the 
temperature rose. Usually the starting and finishing 
temperatures were below that of the laboratory and no 
external heating was necessary, but in a few instances 
the temperature was raised in small steps by the addition 
of hot water. 

The following table summarises the composition and 
other data of the mixtures to which the curves in 
Diagrams I and II refer: 




M. 

R. 

S. 

T». 

i . . 

T,. 

T,. 

T*. 

Hi. 

H„ 



0-379 

2/1 

Mins. 
12 6 

0 c. 

10 0 

0 C. 
120 

0 C. 

13 05 

0 C. 
13-1 

0-08 

003 


A, 

0-379 

2/1 

118-0 

9-8 

11-4 

12-35 

12-35 

0-07 

0 04 

I< 

A 

0-432 

2/1 

5-0 

3-1 

10-3 

11-9 

12-5 

009 

0-07 


B 

0-210 

1/1 

5-0 

7-4 

— 

— 

19-9 

0-045 

0-26 


(3 

0-331 


5-0 

0-3 

- 

— 

19-8 

009 

008 


Id 

016 

— 

— 

4-2 

— 

5-2 

100 

007 

004 

II < 

fA 

0-451 1 

2/1 

6-0 

9-0 

9-4 

— 

17-0 

000 

0-015 

IB | 

0-349 ! 

2/1 

3-5 

1 

4 3 

4 0 


111 

0-08 

0-03 


M — Molar concentration of amine hydrochloride. 

R — Molar ratio of amine hydrochloride to nitrite. 

8 — Time clApelng between mixing and the commencement of readings. ^ 

T t — Temperature at first reading. 

T| — Temperature at which a marked change in expansion rate was first observed. 
T* — Temperature at which evolution of gas was first observed. 

T* — Temperature at final reading. 

Hi — Temperature rise per minute at commencement. 

H • — Temperature rise per minute at finish. 

Department of Organic Chemistry, 

1 University of Sydney. 
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A NOTE ON THE ACTION OF TITANIUM TETRA 

CHLORIDE ON TETRACETYL-/J d-GLUCOSIDO 
GLYCOLLIC ESTER. 

Ey Thelma Muriel Reynolds, m.Sc. 

(Communicated by Professor J. C. Earl.) 

(Read before the Royal Society of New South Wales, June 1, 19St.) 

An attempt to prepare tetracetyl-a-d-glucosido-glycollic 
ester by means of the action of titanium tetrachloride on 
the corresponding /3-glucoside following the method 
evolved by Pacsu ( Ber 1928, 61 , 1508; J. Amcr. Chem. 
Soc., 1930, 52 , 2563) was unsuccessful, acetochloro- 
glucose, which was obtained in 71% yield, being the only 
substance isolated from the reaction. Tetracetyl-/?-d- 
glucosido-glycollic ester behaves, therefore, in the same 
manner as the fully acetylated sugars (Pacsu, loc. cit.). 

The procedure described by Pacsu was followed with 
exactly similar results with one exception, namely, that, 
although the yellow addition compound formed by the 
sugar and titanium tetrachloride displayed an upward 
mutarotation in both cases, the initial rotation of the 
glucoside complex was negative whereas Pacsu observed 
an initially positive value for the fully acetylated 
derivatives. 

The investigation has not been pursued as it is under 
stood (Pacsu, Ber., 1928, 61 , 1508) that a systematic 
research into the action of titanium tetrachloride on p- 
glucosides of different types is in progress. 
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Tetracetyl-fS d glucosido-glycoUie enter. — This substance 
was prepared as described by Fischer ai\d Helferich (.1., 
1911, 383 , 81). It had m.p 82 Si* 1 (uncorrected) and 
[a]D 21 °-40-l° in ethyl alcohol (e - 2*005). Found: (\ 
49*5; II, 5*8. requires (\ 19*8; II, 0*0). Fischer 

and Helferich gave m.p. 83 81° (con*. ) and [aJi, 23 °-40*2° 
in ethyl alcohol. 

The Action of Titanium Tetrachloride on Tetracetyl-p-d* 
glucosido-glycollic eater. 

(1) A solution of titanium tetrachloride (2*2 gm. :1 
mol) in absolute chloroform (20 c.c. ) was added to 
tetracetyl-/?-d-glncoRido glycol lie ester (5 gm. :1 mol) in 
the same solvent (30 c.c.‘. The yellow precipitate which 
first formed dissolved with the evolution of heat giving 
a yellow solution which was refluxed gently for 2*5 hours ; 
a small quantity of hydrochloric acid was e\olved and 
the colour of the solution Ranged to a light golden 
brown. After cooling, the solution was poured into ice 
water, both layers becoming colourless after shaking. 
The chloroform layer was washed once with ice-cold 
sodium bicarbonate solution (5%) and thrice with ice 
water, dried over sodium sulphate and esaporated under 
diminished pressure; the residue was treated with ether 
and petroleum ether giving white needles, m.p. 69*71°. 
Yield 3 gm. or 71% of the theoretical. 

An experiment in which 2 molecules of titanium tetra 
chloride were used ga\e a 76% yield of the same 
substance. 

After two recrystallisations from ether-petroleum 
ether the substance had m.p. 71*5-72*5°, mixed m.p. with a 
specimen of acetoehloroglucose prepared by the action of 
titanium tetrachloride on glucose 0-pentaceta te 71-72° 
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and [a]D 2a °+166-8 in chloroform (c - 2-008). v. Arlt 
(M., 1901, 22, 147) gave for acetochloroglucose m.p. 
72 74° and [a|i> ao M65*76 in chloroform (<• 2). 

The substance (1 gm.) was dissolved in methyl alcohol 
(10 c.c.) and shaken with “active” silver oxide (1 gm. ) 
for 16 hours. The product (0*7 gm., m.p. 96-98° ) obtained 
after the removal of the silver compounds and the solvent 
was recrystallised from methyl alcohol. It had m.p. 
103-104°, mixed m.p. with tetracetyl-0 methyl glucoside 
103-104° and \a] z r' -234 in alcohol (c = 2-01). Hudson 
and Dale (J. Amer. ('hem. Noe., 1015, 37, 1280) gave 
[a] p -24-6° in alcohol. 

(2) Equimolecular q nan tides of the reagents were dis 
solved in absolute chloroform and mixed; the solution 
was immediately shaken with ice-water and then treated 
as in (1). After one recrystallisation from alcohol the 
product had m.p. 80-81°, mixed m.p. with the original 
glucoside 80-81° and \aW' -41-3° in alcohol (c = 2-002). 

(3) A chloroform solution containing tetracetyl-0 d 
glucosido-glycollic ester (1-6500 gm.) and titanium tetra 
chloride (0-7314 gm.) was made up to 20 c.c. with chloro 
form. The specific rotations were calculated from the 
weight of glucoside taken (1 - 0-5). 

Time (hours) 0-17 1*0 2-0 3-4 6-25 22-75 52-75 

fa] D 19 - 20 ° •• -49*2 -33-9 -0*9 +8-25 f36-4 -401-8 428 

Another solution containing the glucoside (1-4500 gm.) 
and titanium tetrachloride (0-6498 gm.) was made up to^ 
20 c.c. with chloroform (1 = 0-5). 

Time (hours) — 

1-75 4-33 30-0 47 0 54-1 141-4 165-5 190-0 213-5 

[a ) — 

—13-5 f22-2 , 104-1 129-0 130*1 135-2 134-9+134-6 134-6 
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After 213*5 hours 14 c.c. of the solution were treated in 
the usual manner, yielding 0*8 gm. of a solid m.p. 70-71°. 
After one recrystallisation from ether-petroleum ether it 
had m.p. 71-72°, mixed m.p. with acetochloroglucose 
70*5-71*5° and [a] D 28 °+166*5 in chloroform (c = 2*023). 

Department of Organic Chemistry, 

University of Sydney. 
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RESEARCHES ON INDOLES. 

Part II * 

THE PREPARATION OF SOME DERIVATIVES OF 
3 : 6-DIMETHOXY INDOLE. 

By Francis Lions, b.Sc , Ph d , 
and Mary Joan Spruson, b s< 


(Read btfoie the Royal Society of New South Wales, June 1 , 1939 ) 


Kalb, Schweizer, and Scliimpf (Rev., 1920, 59 , 1838) 
and Kalb, Schweizer, Zellner, and Berlliold (ibid., p. 
1860) seem first to have applied the J app Kliugemann 
reaction ( Ber 1888, 21 , 549; Ann., 1888, 247 , 218) to 
the preparation of the necessary monophenyl hydra 
zones of a-diketones and a-keto esters for use as inter 
mediates in Fischer’s indole synthesis. The method has 
since been exploited by Manske, Perkin and Robinson 
( J.C.8. , 1927, 2), Manske and Robinson (ibid., p. 240), 
Jackson and Manske (J.A.C.S., 1930, 52 , 5029), and by 
Manske (Can. J. Research , 1931, 4 , 591-5). Its great 
value lies in the facts that the reaction almost invariably 
gives excellent yields of substituted hydrazones, and that 
a diazotisable aromatic amine forms the starting material 

* Part I of this series appeared in the Journal and Proceedings 
of the Royal Society of N.8.W. (1929), LXIII, 168 
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rather than the corresponding aryl hydrazine, which may 
often be extremely difficult to prepare. Certain indole 
derivatives thus become readily accessible, which would 
otherwise be almost impossible to obtain. 

In the work described in the present communication, 
the possibility of obtaining \arious derivatives of 5:6- 
dimethoxy indole from 4-amino veratrole, utilising the 
Japp-Klingemann reaction, has been explored with 
encouraging results. Perkin and Rubenstein (J.C.S,, 
1927, 357) showed that 3 : 4 dimethoxy phenyl hydrazine 
is obtainable only with difficulty, and is exceptionally 
unstable. With certain ketones it gives the corres 
ponding 3 : 4-dimethoxy phenyl hydrazones and from 
these the corresponding 5 : 6-dimethoxy indoles can be 
obtained, by cyclisation with alcoholic hydrochloric acid, 
but the overall yields are extremely bad. The method 
has, consequently, little to recommend it for prepara 
tive work 

Oxford and Raper (•/.(.'.&, 1927, 417) later essayed the 
preparation of various 5 G dimethoxy indole derivatives, 
and eventually prepared 5 • 6-dimethoxy indole 2- 
earboxylic acid (I) and 5 : O-dimethoxy indole (II) in 
poor yield from 6-nitro homoveratrole by a modification 
of Reissert's method. Their process is, however, not 
available as a general method of synthesis. 
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The importance of derivatives of 5 : 6-dimethoxy indole 
has been pointed out by Perkin and Rubenstein and by 
Oxford and Raper ( loc . ctt.) ; whilst the very interesting 
possibility that the alkaloid brucine is a derivative of 
5 : 6-dimethoxy dihydro indole [c/., for example, 
Robinson, Raker ian Lecture, Proc. Hop. Soc., 130 , A.441 ; 
Leuchs, Rer., 64 , 462, (1931)] renders necessary a general 
method for the synthesis of such substances. 

Ethyl a-aeetyl propionate condenses directly with 3 : 4- 
dimethoxy benzene diazonium chloride in alkaline 
alcoholic solution with elimination of the acetyl group, 
yielding ethyl pyruvate 3 : 4-dimethoxy phenyl hydrazone 
(III) as a dark red oil, in excellent yield. Rapid satura- 
tion of an alcoholic solution of this oily hydrazone with 
dry hydrogen chloride, without cooling, followed by 
allowing the hot solution to stand for 30 minutes, leads 
to the precipitation of ammonium chloride and the 
formation in good yield of the ethyl 5 : 6-dimethoxy 
indole-2-carboxylate, M.P. 174° C., previously prepared 
by Perkin and Rubenstein (loc. cit.). Hydrolysis of this 
ester gives the corresponding acid (1; M.P. 203° C.), 
previously prepared by Oxford and Raper (loc. cit., 
p. 421). 

In a similar manner 3-methyl 5 : 6-dimethoxy indole- 
2-carboxylic acid (IV) and 3-phenyl 5 : 6-dimethoxy 
indole-2-car boxy lie acid (V) are readily obtained from 



N — June 1. 1932. 
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ethyl a*acetyl butyrate and ethyl a-acetyl ^-phenyl 
propionate respectively. Coupling of 3 : 4-dimethoxy 
benzene diazonium chloride with ethyl cyclohexanone-2- 
carboxylate in alkaline alcoholic solution gives the 3 : 4- 
dimethoxy phenyl hydrazone of the half ester of a-keto 
pimelic acid (VI) which with dry hydrogen chloride in 
alcoholic solution is readily cyclised to the corresponding 
ethyi-y- (2 carbethoxy 5 : 0 dimethoxy-3-indolyl) -butyrate 
(VII), esterification occurring simultaneously. 

It is worthy of comment that when any of these 
hydrazones of a-keto esters is first hydrolysed with alco- 
holic potash, prior to treatment with alcoholic hydrogen 
chloride, almost invariably this acid treatment leads to 
the formation of tarry matter, and the inability to isolate 
any indole formed. This behaviour is to be attributed 
to the instability of the 5: 6-dimethoxyindole-2-carboxylic 
acids to mineral acids, as already noted by Oxford and 
Raper (loc. cit., p. 420). Undoubtedly a procedure 
similar to that adopted by us should give improved yields 
in analogous indole cyclisations. 




V 


m 


Finally, it has been shown, by an example, that the 
method is available for the preparation of 5 : 6-dimethoxy- 
2-acyl indoles. Coupling of 3 : 4-dimethoxy benzene 
{liazonium acetate with the sodium salt of a-acetyl-£- 
phenyl propionic acid occurs readily with the evolution of 
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carbon dioxide, and the 3 : 4-dimethoxy phenyl hydrazone 
of 2 : 3-diketo-4-phenyl butane is obtained crystalline in 
almost quantitative yield. This cyclises readily with 
alcoholic hydrogen chloride to yield the corresponding 
2-acetyl-3 phenyl 5:6dimethoxy indole (VIII). 



An ice cold solution of potassium hydroxide (14 g.) 
in water (30 c.c.) was added to an ice-cold solution of 
ethyl a acetyl propionate (15 g.) in alcohol (180 c.c.); 
then a solution of 3 : 4-dimethoxy benzene diazonium 
chloride (from 3 : 4-dimethoxy aniline hydrochloride L^O 
g.; c/. Fargher, 1920 , 809) in water (30 c.c.) and 

concentrated hydrochloric acid (40 c.c.)J was added 
without delay, and the solution kept vigorously stirred. 
The hydrazone was precipitated as a heavy brown oil. 
After ten minutes, water (600 c.c.) was added and the 
oily hydrazone extracted twice with ether. The combined 
ethereal extracts were thoroughly washed with water, 
dried with anhydrous sodium sulphate and the solvent 
removed. Yield 24 g. 

A solution of this crude hydrazone (10 g.) in dry 
alcohol (100 c.c.) was rapidly saturated with dry 
hydrogen chloride until the alcohol boiled. Ammonium 
chloride separated and the solution changed colour, from 
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red brown to green. After standing thirty minutes the 
solution was cooled, ether (500 c.c.) added and the alcohol 
and excess of hydrochloric acid washed out with water. 
After drying and removal of the solvent, ethyl-5 : 6- 
dimethoxyindole-2-carboxylate (6 g.) remained as an oil 
which was induced to crystallise. It was recrystallised 
from ethyl alcohol, in which it is readily soluble in the 
hot, and obtained in orange yellow needles. M.P. 174° C. 
Perkin and Rubenstein (J.C.S., 1927, 260) give the 
M.P. as 372° C. 


5:6-Dimethoxylndole-2-carboxylic acid (I). 

This substance was obtained by the hydrolysis of this 
ester with alcoholic potash, followed by removal of the 
alcohol and acidification with dilute hydrochloric acid. 
It was recrystallised from hot water and thus obtained 
in line white matted needles. M.P. 202° C. (Ovford and 
Paper, loc. cit , give the M.P. as 202 202° C ) 


Ethyl-3-methyl-5:6-dlmethoxyindole-2-carboxylate. 

Kthyl a keto butyrate 2 : 4-dimethoxy pliein I hydrazone 
>\ as obtained as described above by coupling ethyl a- 
a cetyl butyrate (17 g.) in alcohol (180 c.c.) and sodium 
hydroxide (14 g.) in water (30 c.c.) with 3 : 4-dimetlioxy 
benzene diazonium chloride [from 3 : 4-dimethoxy aniline 
hydrochloride (20 g.) in water (30 c.c.) and concentrated 
hydrochloric acid (40 c.c.)]. A red brown oil (25 g.) was 
obtained. This crude hydrazone was converted to the 
corresponding indole by treatment with alcoholic 
hydrogen chloride as before, and the resulting liquid was 
ppured into water. The precipitated oil soon solidified 
and was recrystallized first from methyl and then from 
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ethyl alcohol, and obtained as orange needles, M.r. 
182° C. 

(Calcd. for C 14 11 17 0 4 N, C = 63*8, H = 6*5%. Pound 
C - 64*4, H = 6*5%. ) 

3-Methyl-5:6-dimethoxyindole-2*carboxylic acid (IV). 

This substance was obtained by hydrolysis of the 
above ester with alcoholic potassium hydroxide. Recrys- 
tallized from ethyl alcohol, it was obtained in pale pink 
needles, the mother liquor being green. M.l\ 208° C. 
(decomp.). Alcoholic solutions of these indole carboxylic 
acids were usually deep purple in shade. 

(Calcd. for C„ll ia 0 4 N, C - 61*4, 11 - 5-5%. Found 
C - 61*6, n = 5*9%. ) 

Ethyl-3-phenyl-5:6-dimethoxylndole-2-carboxylate. 

Ethyl-/3-phenyl pyruvate 3 : 4-dimethoxy phenyl hydra- 
zone was obtained as described above by coupling ethyl 
a acetyl -0-plienyl propionate (22 g.) in alcohol (180 c.c.) 
and sodium hydroxide (13 g.) in water (30 c.c.) with 
3 : 4-dimethoxy benzene diazonium chloride [from 3:4- 
dimethoxy aniline hydrochloride (20 g.) in water (30 
c.c.) and concentrated hydrochloric acid (40 c.c.)]. 

The hydrazone separated as a dark red oil. Yield 34 g. 
The whole was converted to the corresponding indole by 
treatment with alcoholic hydrogen chloride as before, but, 
in addition, the solution was heated for fifteen minutes 
before pouring into water. The brown* solid was recrys- 
tallised from ethyl alcohol and thus obtained in pale 
orange platelets, in good yield, M.P. 167° C. 

(Calcd. for C 19 H l9 0 4 N, C - 70*2, IT = 5-9':; . Found 
C - 69*8, H = 6*0%. ) 
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3-Phenyl-5:6-dimethoxyindole-2-carboxyltc acid (V) 

This substance was obtained by hydrolysis of the above 
ester. After addition of water, and removal of alcohol, 
the alkaline solution was boiled with animal charcoal, 
and filtered before acidification. The solid acid recrystal- 
Used from alcohol in fine white matted needles. M.P. 
203° C. (decomp.). 

f ruled, for C l7 H 18 0 4 N, C - 08-7, H - 5-0%. Found 
C = 69-0, H = 4-8?? .) 

Ethyl-(-2-c«rbethoxy-6:6-dlmethoxy-3-indolyl)-butyrate (VII). 

The 3 : 4-dimethoxy phenyl liydrazone of the half ester 
of a-keto pimelic acid was obtained as described above by 
the coupling of ethyl cyclohexanone-2-carboxylate (15-5 
g.) in alcohol (180 c.c.) and sodium hydroxide (12 g.) 
in water (30 c.c.), with 3 : 4 dimethoxy benzene diazonium 
chloride [from 3 : 4 dimethoxy aniline hydrochloride 
(17*5 g.) in water (30 c.c.) and concentrated hydrochloric 
acid (40 c.c.)]. A very dark brown oil separated, which 
was taken up and dried in ether. Yield 30 g. 

This liydrazone (20 g.) was converted to the corres- 
ponding indole by treatment with dry hydrogen chloride, 
in the usual way. Ether was then added to the alcoholic 
solution and the alcohol and excess acid washed out. 
After drying and removal of the ether, the still liquid 
substance soon solidified. It was purified by distilla- 
tion at low pressure. B.P. 272° 274°/0*7 mm. Yield 

10*6 g. 

The distillate was recrystalltsed from ether, and 
obtained in fluffy aggregates of a creamy colour; M.P. 
763 c C. 
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No crystallisable substance was obtained on hydrolysis 
of this substance, which proved to be the di-ethyl ester. 

(Oalcd. for C 19 H 25 O fl N, C * 62-8, II » 6-97*. Found 
C » 62*5, H = 6*8%. ) 


2-Acety l-3-pheny 1-5 : 6-d Imethoxy Indole (VIII). 

Sodium hydroxide (4 g.) in water (10 c.c.) was added 
to ethyl a-acetyl /? phenyl propionate (17 g.) in alcohol 
(20 c.c.) until a jelly was formed. Water (200 c.c.) waB 
added* and the whole was stirred until only a little jelly 
remained unacted upon (cf» Manske, Perkin and 
Robinson, 1927, 9). This was removed by passing 

through a wet filter paper. To this was added a solution 
of 3 : 4-dimethoxy benzene diazonium chloride [from 3: 4- 
dimetboxy aniline hydrochloride (16-5 g.) in water (20 
c.c.) and concentrated hydrochloric acid (15 c.c.)]. The 
liberation of carbon dioxide caused by the addil^n of 
sodium acetate (40 g.) caused the mono veratryl hydra- 
zone of 2 : 3-diketo 4-phenyl butane to rise to the top of 
the solution. The hydrazone solidified on standing, and 
was filtered off. Yield nearly theoretical. It was recrys- 
tallised from alcohol in shining golden plates. M.P. 
173° C. 

(Calcd. for C 18 H 20 O 3 N 2 , C - 69*3, H - 6*4%. Found 
C - 69*1, H = 6*4%. ) 

The substance was difficultly soluble in hot alcohol. 

About 15 g. of the hydrazone was suspended in alcohol 
(250 c.c.), to which a little ether had been added. 
Hydrogen chloride was passed into the solution, which 
turned green, and ammonium chloride separated after a 
few minutes heating on the water bath. Ether was added 
to the cooled solution and the alcohol and ammonium 
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chloride washed oat After drying and removal of the 
ether the indole crystallised in pale brown needles, which 
were recrystallised from alcohol. M.P. 181° G. 

(Calcd. for C ls n ]T O s N, C - 73-2, H - 6*8%. Pound 
C - 73-6, H ■ 6-0%.) 

Department of Organic Chemistry, 

The University of Sydney. 
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THE OCCURRENCE OP A NUMBER OF VARIETIES 
OF EUCALYPTUS RADI AT A ( E . NU ME ROSA) AS 
DETERMINED BY CHEMICAL ANALYSES OF THE 
ESSENTIAL OILS. 

Part L 

By A. R. Penfold, f.A.C.i., F.C.S., 

Curator and Economic Chemist ; 

and F. R. Morrison, a.A.C.I,, F.C.S., 

Assistant Economic Chemist, Technological Museum, Sydney. 

( Read before the Royal Society of New South Wales . July 6, IPS* ) 

Since the publication of our paper entitled “The 
occurrence of a number of varieties of Eucalyptus dives 
as determined by chemical analyses of the essential oils— 
Part I”, read before this Society on 1st June, 1927 (see 
Jour, and Proc. Roy. Soc. N.S.W., lxi, 54-67), we have 
made similar observations on Eucalyptus piperita , E. 
haemastoma, E. phellandra , E. radiata and Melaleuca 
leucadendron . The examination of many samples of 
material from numerous districts and, in some instances, 
different States of the Commonwealth, occupies consider- 
able time and, consequently, the summarising of the 
results must be deferred for the present. We art*, how- 
ever, in a position to make available the results of a field 
investigation, supported by the examination of the 
essential oils of Eucalyptus radiata. 


A— July 6, 1932. 
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The investigation was confined to one locality, viz., 
Nullica, a small village on the Prince’s Highway, about 
six miles from Eden, New South Wales. The influence 
of the results on the economic exploitation of this species 
warrants an early publication of the results in a Part I 
communication. 

Eucalyptus radiata , sometimes called Eucalyptus 
numerosa (Maiden, Proc. Roy. Soc. N.8.W., li, 461), is 
a fairly tall tree, known vernacularly as River White 
Gum. It is found widely distributed on the river banks, 
but preferably creeks, and mountain ranges of the coast 
districts of New South Wales, and is particularly abun- 
dant in the southern areas. The chemistry of the essential 
oils of the type is fully described in “Eucalypts and Their 
Essential Oils”, by Messrs. Baker and Smith (Second 
Edition, 1920), page 306, and by A. R. Penfold in Bulletin 
No. 2 (Revised Edition), page 14, issued by the Sydney 
Technological Museum. Until the observations to be 
described were made, the essential oil of this species was 
found to be of a remarkably uniform chemical composi- 
tion, consisting principally of phellandrene (70% to 
80%) with piperitol. The content of piperitone did not 
exceed 6%. The alcohol, piperitol, was first isolated from 
this oil, which contains it to a greater extent than any 
other Eucalyptus oil as yet described. 

The receipt of a bag of leaves of this species from Mr. 
S. Havard, of Nullica, via Eden, New South Wales, in 
June, 1930, for a report as to the value of the essentiftl 
oil, led to a unique observation. Morphologically, 
Eucalyptus radiata is comparatively easy to identify, 
although We have observed instances of its confusion 
with Eucalyptus Australiana (Baker and Smith, Proc . 

4 
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Roy . Soc. N.S.W., 1915, p. 514). The leaves and terminal 
branchlets submitted were definitely identified as J 57. 
radiata and on crushing the leaves between the fingers 
it was observed that some possessed the characteristic 
odour of piperitol by which the secies is easily dis- 
tinguishable from other “narrow-leafed peppermints”, 
whilst others had a more pronounced peppermint odour 
typical of E . dives rich in piperitone. An attempt w r as 
made to separate as well as possible what appeared to be 
two different forms by the tedious and difficult procedure 
of crushing the leaves of the various terminal branchlets 
and observing the odour. Time and patience did not 
permit of the total quantity being handled in this manner, 
but the results of the examination of the essential oils 
of the two different forms thus separated, as well as the 
remainder of the mixed leaves as received, confirmed in 
a surprising manner the excellence of the separation, as 
well as the identity of a physiological form of E. radiata . 
The results as set forth in Table “A” show that an 
essential oil practically equivalent in general physical 
and chemical characters to that obtained from E, dives 
is obtained from this new form (piperitone 50%, 
phellandrene 40%). This observation is of considerable 
importance, for, whilst then* is little or no enquiry at 
present for the oil of E. radiata as represented by the 
type (5% piperitone), there is always a demand for oils 
rich in piperitone. We are not unmindful, of course, of 
the difficulty wdiich cutters would experience in their 
endeavours to distinguish the tw o forms, but, nevertheless, 
there is always the possibility of a belt of a particular 
form being observed (see Jour . Proc . Roy . Soc. N.S.W., 
lxiii, 83-84). 
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A field investigation was undertaken by one of ns 
(A.R.P.) early in November, 1931, in order to secure 
confirmation of the above-mentioned observations. Many 
trees were individually examined in the presence of Mr. 
B. Pigott, the Forester at Eden, New South Wales, and 
until they were felled and the leaves examined it was 
impossible to distinguish one tree from another. A 
number of trees were selected, some of which were grow- 
ing within a few feet of each other, whilst others were 
situated some distance apart, but all within a definite 
area of several acres. The leaves were duly crushed and 
the odours noted. A small quantity of leaves was taken 
from a number of specially selected trees and brought 
to Sydney for distillation. The results are set forth 
in Table “B” and in every instance the field observations 
were confirmed. The leaves of one particular tree, marked 
No. 1 in Table U B”, were found to give a pronounced 
odour of cineol in the field. The amount actually deter- 
mined appears to be less than the field observation led 
one to believe, but, nevertheless, the identification of this 
constituent is of special interest as its occurrence in the 
oil of E . radiata has not hitherto been recorded. 

It was our intention to examine the sucker growth 
on the stumps of the trees from which the original con- 
signment of leaves received in June, 1930, was obtained. 
Unfortunately, certain circumstances prevented this 
observation. Subsequently arrangements were made by 
correspondence for collections of the sucker leaves to be 
secured and forwarded for examination. The results are 
set forth in Table “C”, and as the foliage from each 
individual tree was kept separate, abundant evidence in 
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Leaves collected by Mr. A. R. Penfold, at Nullica, via Eden, N.S.W. 

Fos. 4 and 5 are typical of Eucalyptus radiata (Type). 

Fos. 3 and 6 are typical of Eucalyptus dives and therefore represent a variety of E. radiata to be called variety " 
Fob. 1 and 2 are representative of another variety to be called variety " B." 

Fo. 7 ia most probably an Intermediate form. 
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support of our contention that the original consignment 
of foliage was from mixed leaves was thus obtained. 

As a result of our investigations, we are of the opinion 
that several distinct varieties of E. radiata exist. This 
species, therefore, exhibits similar behaviour to that of 
E. dives, and doubtlessly further investigations will 
reveal the fact that the existence of these physiological 
forms is common to a large number of Eucalypts. The 
forms observed at ^Nullica, via Eden, are as follows: 

E. radiata — Type* Essential oil contains piperitone, 
5 10%; phellandrene, 00-80%; with 
piperitol. 

E. radiata — Var. A: Essential oil contains piperi 
tone, 50%; phellandrene, 40%. 

E. radiata — Var. 15: Essential oil contains piperi- 
tone, 20-30% ; cineol, 12-15%; phel- 
landrene, 40%, and piperitol. 

The variety “A” would be of considerable economic 
importance if a stand or area of the trees, coir para tively 
free of the type, could be located. 

Our thanks are due to Mr. Frank Kelly, Nullica, N.S.W., 
for kindly collecting the supplies of leaves referred to 
in Table “C”, and particularly to Mr. B. Pigott, Forester 
at Eden, for arranging the transport of the various col- 
lections, as w r ell as his action in placing his services at 
our disposal during the field inspection. 

Experimental. 

The various collections of leaves and terminal branch- 
lets, cut as for commercial purposes, w r ere subjected to 
steam distillation in the usual manner. The chemical 
and physical characters of these various distillates are set 
forth in Tables “A”, “B” and “C”. 



Table ' 
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Leaves collected by Mr. F. Kelly, Nullica, N.S.W., from origiiial trees referred to in Table " 
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A very sharp line of demarcation is provided in the 
chemical composition of the oils from the type and 
variety “A”. 

Although the chemical composition of the essential 
oils of most of the Eucalypts is well known, particularly 
those of E . dives and E. radiata, it was deemed advisable 
to definitely identify the principal constituents. 

EUCALYPTUS RADIATA , TYPE . 

The essential oils of this species varied from almost 
water white to pale straw yellow in colour, and possessed 
a distinctive odour of piperitol which readily dis- 
tinguishes it from most other species. The constituents, 
so far identified, are Z-a-phellandrene (50-80 %, piperitone 
usually 5%, with the alcohol piperitol. 

The phellandrene differed slightly in its physical char- 
acters from that obtained from variety “A v , and we are 
of the opinion that the oil of this species would repay 
more critical examination. We propose to undertake 
this work at a suitable opportunity. 

Oils obtained from lots l tt and 2 of 30th November, 1931, 
were subjected to fractional distillation and detailed 
examination. 


Lot 1 •, 30.11.31. 

100 cc. crude oil gave the following results on distilla- 
tion, viz., first drops 55° (11 mm.). 


Fraction. 

Volume. 

dl*° 

16 

20* | 
a 

D 

n 20 ’ 

I> 

55°-75° (11 mm.) .. 
7fi°-100° (11 mm.) .. 
Residue 

65 cc. 

27 cc. 

7 cc. 

0-8588 

0-9194 

, -48-4° 
-29-6° 

1-4781^ 

1-4775 

1-4792 
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Lot No. 2 , 30.11.31 . 

100 cc. crude oil gave the following results on dis- 
tillation, viz., first drops 40° (14 mm.). 


Fraction. 

Volume. 


20° 

a 

D 

20° 

n 

D 

Below 67® ( 10 mm.) 

29 cc. 

0-8517 

-43-2® 

1*4792 

Below 76° (10 mm.) 

75® (10 mm.)-95° (6 

40 cc. 

0-8587 

-41 -0° 

1*4803 

mm.) 

Residue 

26 cc. 

5 cc. 

0-9516 

-29 0° 

1*4778 

1*4963 


Determination of l apheJlandrenc . 

The terpene fractions from Nos. l a and 2 were mixed 
together, fractionally distilled, and finally redistilled 
several times over metallic sodium, when the following 
results were obtained, viz . : 


Fraction. 

Volume. 

-H- 

20° 

a 

D 

20® 

n 

D 

Below 70° (20 mm.) 

16 cc. 

0-8484 

-43-2° 

1*4774 

70°-71® (20 mm.) .. 

48 cc. 

0-8473 

-48-7® 

1*4770 

7l®-75® (20 mm.) .. 

58 cc. 

0-8492 

-48*75® 

1*4702 


No other terpene or hydrocarbon could be detected 
beyond phellandrene. The oil yielded the characteristic 
nitrosite melting at 113° which after rigorous purifica- 
tion rose to 121° -122°. The specific rotation in chloroform 
was found to be 4 137*2. 
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Determination of Piperitol. 

Those portions of lots Nos. l a and 2 boiling above the 
terpene fractions were mixed together and redistilled, 
when the following fractions resulted: 


Fraction. 

Volume. 


20° 

a 

D 

20° 

n 

D 

75°-89° (10 mm.) .. 

9 cc. 

0-8934 

25° 

1-4780 

90°-101° (10 mm.) .. 
(94°— 98°) 

42 cc. 

0-9223 

-30° 

1-4708 


A portion of the second fraction after removal of asso- 
ciated piperitone by means of neutral sodium sulphite 
solution was oxidised with Beckman's chromic acid 
mixture, and the piperitone prepared therefrom purified 
through the bisulphite compound using sodium sulphite. 
The piperitone was identified by the preparation of the /? 
semicarbazone melting at 175°-176°. 

EUCALYPTUS RADI AT A, VARIETY “A”. 

The oils of this variety varied from almost water white 
to a pale straw yellow in colour, and possessed the char- 
acteristic odour of piperitone. The constituents, so far 
identified, are /-o-phellandrene, about 40%, and /-piperi- 
tone, 50%. 

In chemical and physical characters the oil is prac- 
tically indistinguishable from that of E . dwes. 

The oil obtained from sample marked “Lot No. 3” in 
Table “C” was submitted to fractional distillation, and 
its principal components definitely determined. 
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Lot No. 3 , 3011.31. 

80 cc. crude oil gave the following results on dis- 
tillation, viz. : 


Fraction. 

Volume. 


20° 

a 

D 

20* 

n 

D 

70°-90° (20 mm.) .. 

30 cc. 

0-8569 

-80-4° 

1-4799 

90° (20 mm.)-118° (16 





mm) 

49 cc. 

0-9300 

-52-2° 

1-4841 

Residue 




1-4979 


Determination of la-phellandrene. 

The fraction distilling at 70°-90° (20 mm.) was redis- 
tilled several times over metallic sodium, when the fol- 
lowing final distillate was obtained, viz.: Boiling point 

91° (60 mm.) dj|. 0-8466, a* 0 ” -85°-2, n 20 ’ 1-4728. The 

15 7 D 7 D 

nitrosite melted at 121°-122°. 

The terpene obtained from this lot differed considerably 
in its physical characters from that obtained from lots 
Nos. l a and 2. It was identical w’ith 1-a-phellandrene 
prepared from the oil of Eucalyptus dives. 

Determination of Piperitone in Sample of Oil No. 3. 

A fraction of boiling point 91° (20 mm.)-118° (16 
ram.) was treated with neutral sulphite solution when 
27 cc. of purified ketone w r as returned. This sample had 
boiling point 108°-5-110° (9-10 mm.), dj|» 0-9379, 
20 ° 20 ° 

— l*5°,n^ 1*4842. Unfortunately the sodium sulphite 

used was of poor quality and the regenerated ketone -had 
lost much of its original laevo-rotation. It was treated 
with excess of hydroxylamine when the characteristic 
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a-oxime melting point 118°-119° was obtained, together 
with the hydroxylamino-oxime of which two fractions 
were obtained of melting point 169°-170° and 180° 
respectively. Confirmation of the presence of laevo- 
rotatory piperitone was obtained by working up 60 cc. 
of the crude oil of lot No. 1 in Table “A” which yielded 
oil distillation 30 cc. of oil boiling between 90° and 
111° (10 mm.). This sample on treatment with neutral 
sodium sulphite solution and regeneration with sodium 
hydroxide solution returned 18 cc. of the purified ketone. 
The oil possessed the following chemical and physical 

constants, viz. : Boiling point 109°-110° (10 mm.), d||» 

0-8377, a 20 ’ -38°-tt, n 2 °' 1-4843. 

7 D D 

The hydroxylamino-oxime prepared therefrom was 
separated into two fractions melting at 169° -170° and 
180° respectively. 

EUCALYPTUS RADIATA , VARIETY ><B”. 

This variety yields an essential oil very similar in 
physical characters to those obtained from the Type and 
Variety “A”. The principal constituents which have so 
far been identified are 7-a-phellandrene, piperitone 22-30%, 
cineol 12-15%, together with piperitol. 

The cineol content was accurately determined by the 
ortho-cresol method utilising that portion of the oil 
distilling below 190° (764 mm.). 
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THE INTRUSIVE IGNEOUS ROCKS OF THE 
MUSWELLBROOK SINGLETON DISTRICT. 

Part II. 

THE SAVOY SILL.* 

By H. G. Raggatt, m.Sc., 

and H. F. Whitworth, b.Sc., 

Geological Survey of New South Wales. 

With Rock Analyses by 
W. A. Gbeig, 

Chief Analyst and Assay er, Department of Mines , 

New South Wales. 

(With Plates II, III and IV, and four text-figures.) 

( Read before the Royal Society of Neto South Wales, July 6, 1932.) 

Part I of this paper was read before the Society on 
June 4, 1930, and consisted of an introduction to a 
detailed study of the intrusive igneous rocks of the 
Muswellbrook-Singleton coalfield. In the introductory 
statement concerning these rocks, it was pointed out 
that (1) “the field examination .... and a preliminary 
investigation of their petrology indicate that they fall 
into three groups as follow : 

1. Alkaline basic sills. 

2. Plugs. 

3. Dykes and small sills. v (Basalt.) 

The alkaline basic sills are those which occur at Savoy, 
Plashett, Carrington and Fordwich. Their distribution is 


• Published with the permission of the Under- Secretary for Mines. 
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shown in Plate IV of the earlier communication, and all 
except the last-named are shown in Fig. 1 of this paper. 
The Savoy mass differs from the other sills by its much 
higher proportion of acid rocks, which in places contain 
quartz, a mineral not known to be present in the rocks 
from the other sills. It also presents some interesting 
departures from the sill form in its mode of occurrence. 
It is considered, therefore, that a separate communica- 
tion giving a detailed account of the geology and 
petrology of the Savoy Sill is well warranted. 

In the following pages the Held and general geology 
is the work of H. G. Kaggatt, and the petrology of H. F. 
Whitworth. There has, however, been free interchange of 
ideas, and each has criticised the work of the other. 
The rock analyses are the work of W. A. Greig. 


Topography. 

Locality and Means oj Access. 

The intrusion which forms the subject of this paper 
occurs eight miles southerly from Muswellbrook and is 
mainly within the Parish of Savoy, County of Durham. 
The outcrop extends also into the Parish of Wynn, the 
Savoy trigonometrical station being on the boundary 
between the two parishes. The area is part of the 
“Edinglassie” holding. 

The only convenient means of access is by an unsur- 
veyed track which leaves the Muswellbrook-Denman road 
at the same point as the Wollombi stock route, about the 
middle of the south boundary of portion 3, Parish of 
Brougham. The track is unfenced, blit well defined as 
far as Saddler’s Creek. The stock route itself cannot be 
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travelled by motor car, but is a useful traversed line for 
survey purposes. 


Physiography. 

The topography is related to the geological structure 
(see Plate II and Fig 1). The Savoy trigonometrical 
station, which is 1,047 feet above sea level, is situated 
on a well-defined divide developed approximately along 
the longer axis of the Muswellbrook dome. Beginning 
at the north boundary of the map (Plate II), the top of 
this divide is a gently cruved line convex to the east. 
It is defined at the north end of the map by the stock 
route which follows it to the north-western corner of the 
area occupied by igneous rocks. Thence the divide curves 
gradually to the south-west through Savoy hill, an acid 
type of igneous rock forming the top of the ridge. The 
divide separates the waters of Saddler’s and Pringle’s 
(''reeks, which are strike streams. The creeks in the north- 
east quarter of the map are, on the whole, dip streams. 

Easterly from the Savoy ridge the hills extend for a 
considerable distance at the same general level of about 
800 feet, the amount of relief being from 150 to 200 feet. 
On the western side of the Savoy ridge the country rises 
steeply from Saddler’s Creek to a high divide which 
extends nearly to the Hunter River at Denman. This 
divide is being cut into from the north by the Upper 
Hunter River and from the south by the Lower Hunter. 
Its highest points are Mt. Arthur (1,507 feet) and Mt. 
Ogilvie (1,518 feet), the only hills within the broad valley 
of the Hunter which are at all comparable in height with 
the level (2,000 feet) of the uplifted peneplain out of 
which the valley is carved. 


B — July 6, 1032. 
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Southwards there is a gradual fall to the Hunter River 
six miles away. Beyond this the country rises gradually 
for approximately four miles to the foot of the Broke- 
Denman escarpment which borders a plateau (the up- 
lifted peneplain referred to above) with a general level 
of about 2,000 feet. 

Field Relations and General Geology. 

As the map (Fig. 1) shows, the Savoy intrusion is 
situated at the southern end of the Muswellbrook dome. 
This structure is developed in beds of Kamilaroi 
(Permian) age. It is asymmetric, the dip on the east and 
south being from live to eight degrees, and on the west 
twenty degrees. The intrusion is wholly confined (at its 
outcrop) to the Greta Coal Measures and is developed 
mainly on the eastern side of the meridional axis of the 
dome. 

Apart from a well-marked modification of the plan of 
the outcrop westerly from the Savoy hill, the area 
occupied by igneous rocks is roughly rectangular in shape, 
the longer sides being arranged in a direction N. 20° E. 
(i.e., parallel to strike of the sediments on the eastern 
limb of the Muswellbrook structure). It is three miles 
long, and has an average width of slightly more than 
half a mile. Actual exposures occupy somewhat less than 
two and a quarter square miles. 

Nock Types, Outcrops ami Weathering . 

In the field three distinct types of igneous rock may 
be recognised : dolerite, syenite and basalt , the first-named 
being by far the most abundant. This is not apparent 
upon casual inspection, as weathering of the dolerite 
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produces a black soil, whilst the syenite is relatively little 
decomposed, and appears as fragments scattered through 
the black soil. 

The principal outcrops of doleritc are: in the bed of 
Pringle’s Creek and its eastern headwater tributary; 
along the upper contact parallel to Pringle’s (''reek ; along 
the lower contact north from the shaft near the Savoy 
T.S., and in a small creek about three-quarters of a mile 
south-westerly from the trigonometrical station. There 
is in fact a general tendency for the doleritc to form fairly 
good outcrops along the margins of the sill as now 
exposed, and in the creek beds, and to be represented 
elsewhere by a deep mantle of black soil. The marginal 
arrangement of the occurrences suggests the development 
of a chilled marginal phase, more resistant to erosion 
than the remainder of the mass. Most of these outcrops 
are on relatively steep slopes and the products of decom- 
position are removed as they are formed. This is certainly 
the explanation of the stream bed outcrops Pringle's 
Creek and its eastern headwater tributary are perennially 
flowing streams which also are able periodically to scour 
their beds and thus expose relatively fresh areas of 
doleritc. The tributaries which join Pringle’s Creek on 
the western side, however, rarely flow, and weathering 
has proceeded to depths of ten feet or more, giving 
a rich black soil. (For this reason Pringle’s paddock is 
regarded as one of the best in the Muswellbrook district 
for stock flattening purposes.) It is suggested later 
(p. 217) that the softening of the rock is due to magmatic 
processes rather than to the ordinary processes * of 
weathering, but the above-mentioned factors have no 
doubt been important. 
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The weathering of the dolerite has also led to the forma- 
tion of small local deposits of sands with a heavy mineral 
concentrate consisting largely of ilmenite. 

The principal outcrops of the syenite are those which 
form the Savoy hill and the prominent hill westerly 
therefrom. There is also a fairly large outcrop half a 
mile north-east from the trigonometrical station, two 
small outcrops three-quarters of a mile northerly from 
the foregoing and another, half a mile south-east of the 
station. It will be seen by reference to the map that the 
principal outcrops of syenite occur on the top of a ridge. 
Their presence has in fact largely determined the position 
of the divide between Pringle’s and Saddler’s Creeks. 

The syenite westerly from the trigonometrical station 
has quite a steep scarp on its western side with a well- 
marked bench towards the top. The upper surface slopes 
down gently to the south-east. Towards the top of the 
hill the rock becomes markedly drusy, many of the 
cavities being filled with chalcedony. 

The basalt outcrops mainly as a selvage to the dolerite 
at the upper contact and as dykes and sills in the adjacent 
sediments. It is not known to occur at the lower contact. 
There are some well-defined outcrops on the stock route, 
and here and there on the Savoy ridge, suggesting that it 
originally formed a continuous sheet over the top of most 
of the dolerite. 

Reference might be made here to a sill of basalt 
which occurs three-quarters of a mile north from the most 
northerly outcrop of dolerite. It is an almost perfect 
example of the relationship of outcrop to contour. The 
following section was measured in the bank of a large 
dam in portion 83, Parish of Savoy. 
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Generally this sill keeps to the lower of the two 
horizons shown and is thus in the same stratigraphical 
position as the Savoy intrusion (see p. 198). 



Fig. 2. — Section of a basalt sill exposed in the bank of a dam, 
portion 83, Parish of Savoy. 


Field Relationships between the Rock Types. 

The relationship between the dolerite and the syenite 
is clearly shown in the exposures along Pringle’s Creek. 
In the low cliffs forming the bank of the creek, the syenite 
is shown to occur as veins and sheets in the dolerite, 
generally not more than three or four inches thick, but 
in places up to about ten inches thick. The most common 
form of occurrence in these sections is irregular sheets 
approximately parallel to the plane of bedding of the 
sediments, but there are also numerous small veins with 
no definite orientation. These types of occurrence are 
illustrated in Fig. 2 of Plate III.* 

The tendency for aplitie veins to take on a stratiform 
arrangement • parallel to the roof and floor of intrusive 
masses has been noted by many writers. It is a striking 
feature at Prospect, New South Wales, (2) and has been 
described by Tyrrell for the Howford Bridge sill, Scot- 

* The syenite shown on the Section DE may be a residual 
of one of these veins or of the roof syenite. 
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land, <8> and by Ichimura for alkaline intrusives in 
Korea. (4) The latter also refers to similar occurrences 
ip California which have been described by Taliaferro 
(so far published in abstract form only apparently ). (5) 

In the bed of Pringle's Creek there are some good 
examples of the occurrence of syenite in narrow, sharply 
bounded veins in the dolerite. The field sketch reproduced 
in Text-figure 3 shows two principal directions of joint 
iug in the dolerite, N. 35° W. and E. 5° N. The principal 
syenite veins are from two to three inches wide and are 
sharply delimited by joint surfaces. Others outcrop 
merely as threads or “stringers”. 



Fig. 3. — Plan showing soda syenite dykes filling joints in analcite 
dolerite, exposed in the bed of Pringle’s Creek. Joints shown by 
full lines and thin aplitic veins by broken lines. The bearings 
are strike directions. 


The joint directions are approximately parallel to -the 
strike lines of the basalt dykes and to the dominant 
structure lines of the region. 
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At the head of a small creek three-quarters of a mile 
south-west from Savoy T.S., the relationship between the 
main mass of syenite and the dolerite is well shown, the 
dolerite forming the south-eastern bank and the syenite 
the north-eastern. The contact is sharp and may be traced 
for some distance down the creek, showing that, locally 
at least, there is an approximately vertical plane of 
junction between the two types. The syenite forming the 
hilltops, however, rests upon the dolerite, and the upper 
surface at least is disposed parallel to the dip of the 
sediments (Fig. 1 of Plate IT I and sections, Fig. 4). 

There is no conclusive field evidence at the Savoy sill 
itself as to the age relations between the basalt and the 
other types of igneous rock. The contact between the two 
is not well exposed, but there does not appear to be any 
evidence of gradation between them, and it is doubtful if 
the basalt can be regarded as a chilled marginal phase 
of the dolerite. It may be a separate intrusion of related 
age, since, as already described, it forms a sill on the 
same horizon as the dolerite a short distance to the 
north. Evidence of contact effects at the upper surface 
of the basal precludes the possibility of their being flows. 

Form, Limits and Thickness. 

That the igneous rocks are intrusive is shown by the 
contact effects upon the overlying and underlying sedi- 
ments. The carbonaceous shales are indurated and the 
overlying coal seam cindered, but these effects are limited 
to within a few feet of the intrusion. Nevertheless, a 
very large area of coal has probably been destroyed by 
this agency. 

The top of the sill is about fifteen feet below the top 
of the Greta Coal Measures, which is well defined in this 
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part of the Muswellbrook Coalfield by a white coarse- 
grained basal sandstone of the overlying Branxton Stage 
of the Upper Marine Series. 

The concordant nature of the upper contact is particu- 
larly well shown along Pringle’s Creek, where the 
boundary between the dolerite and the overlying shale 
outcrops just as if it were the boundary between two 
conformable sedimentary formations. The dip is E.S.E. 
at eight degrees (see sections AB, BC, and DE). This 
condition continues across Pringle’s Creek to the south 
of the Savoy hill, the dip changing from a southerly one 
in the creek to S.W. at eight degrees near the hill. The 
upper surface of the sill must, therefore, be curved gently 
convex upwards at this point (section FG). 

A traverse of the lower contact at the northern end 
of the sill outcrop and of the western edge north of the 
trigonometrical station shows that the base of the 
dolerite also remains at the one stratigraphical level, 
conformable to the sediments (Plate II and section CB). 

A shaft which has been sunk (either to prove a coal 
seam or to obtain a water supply) 20 chains north-east 
from the Savoy hill, gives confirmatory evidence of this. 
The shaft is situated adjacent to the western margin of 
the sill outcrop, is about 145 feet deep and appears to 
have passed entirely through coal measure strata. 

The contact appears to be transgressive, however, for 
a limited distance north-west and west of Savoy trig, 
station. Passing westward from the shaft referred to 
above, the boundary of the igneous rocks transgresses the 
strike direction of the sediments, and dolerite is found 
below the level at which it would be expected if it 
occurred as a simple sill. It might be inferred that the 
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habit of the dolerite was phacoidal at this point, but in 
the same creek which was referred to as showing the 
sharp dolerite-syenite contact (whilst the exposures are 
not very good) one gets the impression that the dolerite 
transgresses the bedding planes of the westerly-dipping 
Greta Coal Measures. 

The shape of the syenite outcrop, its sharp contact 
with the dolerite and the topography seem also to indicate 
that the concordant nature of the intrusion is departed 
from at this point. This can be explained best by refer- 
ence to the section AB. Near “a” on this section the 
Greta Coal Measures dip at 20 degrees a little to the 
south of west. The distance from “a” to “b” is only six 
chains, whilst “be” is a steep scarp, the vertical differ- 
ence between “b” and “c” being 150 feet. No syenite 
occurs i?i situ near “a”, and there is no sign of a bending 
over of the syenite parallel to the westerly dip of the 
Coal Measures. On the contrary, immediately on reach- 
ing “c” one looks down a gentle dip slope “cd” (vide 
Plate III, Fig. 1). There is, therefore, little likelihood 
that the space above “abe” was ever occupied by syenite 
and that its form when intruded was much as we see it 
now. It follows that the syenite transgressed the bedding 
planes of the sediments if they had not already been 
transgressed by the dolerite. 

The limited length of outcrop in a north-south direction 
over which transgressive contacts can exist, and the 
elongation of the syenite outcrops in an east-west 
direction suggest that this rock may have a partly dyke- 
like form. On the other hand, the general inclination of 
both the larger syenite outcrops in the direction of dip 
of the sediments, shows that after passing through the 
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dolerite the syenite spread out and took on the sill form. 
It evidently did not spread very far liecause there is no 
sign of it at the upper contact of the dolerite in the 
sediments, even quite close to the principal syenite 
outcrops. 

We thus have a fairly clear picture of the form of the 
syenite portion of the intrusion. So far as the dolerite 
is concerned, its form must have been very similar to 
that of the syenite, and we lone valuable confirmatory 
evidence afforded by a bore (windmill on map) put down 
in the saddle southerly from the trig, station. The bore 
appears to have passed through about 180 feet of dolerite 
(with possibly a little syenite near the top) and to have 
passed into indurated shale at that depth.* This thickness 
of dolerite (considered in relation to the observed facts 
further south, where as already described its upper sur 
face is covered convex upwards) is best explained by 
assuming that the dolerite spread out from the plug 
locally forming a phacoidal sheet (see section All). 

The outcrops in relation to contour are such that it is 
possible to say that the boundary of the sill from Savoy 
trigonometrical station to the north-east corner of the* 
outcrop is close to the original limits of the intrusion, 
but elsewhere we have no knowledge of its actual limits 
which are hidden under a cover of sediments. 

There are no exposures giving a direct section across 
the full thickness of the sill, but measurement shows that 
the thickness is between 275 and 300 feet (vide section 
UB). Unless the boundary of the plug of dolerite westerly 
from Savoy trigonometrical station is drawn too far west 

* From information kindly supplied by Messrs White Bros, of 
“EdinglftBBie”. 
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on the section AB, the bore pnt down in the dolerite 
westerly from Savoy places a minimum of 200 feet upon 
the thickness of the sill at this point, where, also, the 
syenite has a thickness of about 100 feet. 


Geological Age . 

(In the following brief statement, unless specifically 
referred to, the term “basalt” does not include the basalts 
of the dykes and small sills.) 

The petrological description shows that a close 
resemblance exists between the Savoy rocks and those 
from certain other alkaline intrusive masses which are 
held to be of Tertiary age. (6) The age of the dolerites 
and syenites is arrived at through their association with 
normal olivine basalts of which the age is directly 
ascertainable. 

The basalts which cap the highlands around the Hunter 
Valley (and which cannot be distinguished from the 
olivine basalts of some of the plugs) are correlative with 
the basalts of the region referred to by Sussmilch as the 
Merriwa tableland. 17 J Evidence of the geological age of 
these basalts is furnished by the fossil leaves, fruits and 
fishes which occur in beds beneath them. Summarized 
accounts of the Tertiary leads and the volcanic rocks 
associated with them are given by David (8) and by 
Andrews. (0) These authors show that a threefold develop- 
ment of Volcanic rocks may be recognised: (a) Newer 
basalts, (b) alkaline series, (r) older basalts ranging 
from Eocene to Pliocene in age. David (loc. cit.y also 
suggests that the alkaline series may be in part younger 
than the newer basalts. Woolcott considers the newer 
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gold bearing leads, such as those at Gulgong, to be from 
Upper Miocene to Lower Pliocene in age. (10) 

It is certain that alkaline dolerite rocks intrude the 
olivine basalts of the tablelands in which the limiter is 
incised, as the following observations show. 

In 1911 W. N. Benson stated that theralitie types 
overlie “normal Tertiary olivine basalt” near Mount 
Barrington/ 111 This area has since been visited by W. R. 
Browne, who states (verbally) that nepheline-bearing 
analcite dolerite occurs as sills intrusive into the olhine 
basalts. W. G. Woolnough also observed “dykes of coarse- 
grained olivine dolerite” including essexite intruding the 
“Tertiary basalt cap” at Mount Warrawalong ( (11 \ pp. 
184-185). 

In 1929 a volcanic neck was noted by one of us (II.G.R.) 
near Wingen containing breccias and basalt like those 
in the Sydney district. These appear to have been in- 
truded by a pipe-like mass of a syenitic rock similar to 
the aplitic types of the Hunter Valley sills. In 1921 also 
a composite sill of coarse-grained dolerite and “normal 
olivine basalt” was noted at Murulla. At this locality 
small dykes of the basalt appear to intrude the dolerite 
and the dolerite passes into a tine-grained contact facies 
very like the basalt. Further, it is impossible to dis- 
tinguish the sill basalts from the basalt in the talus 
which is derived from the tableland flows. 

Whilst there is, therefore, some doubt about the details 
in the local order of intrusion and extrusion of the 
igneous rocks, it is clear that all of them are of late 
Tertiary age, a most important conclusion in its relation 
to the tectonics of the region. 
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The argument thus briefly presented is a general one 
and must be supported by further petrological work, but 
as the detailed petrology of all the sills has not yet 
been completed, a full discussion of their geological age 
must be reserved. 

We have not come to a Anal conclusion with regard 
to the geological age of the basalts of the small sills 
and dykes, and as these have yet to be fully described 
only a few brief comments are offered at this stage. 
These basalts are undoubtedly of the same age as those 
noted by one of us (H.G.R.) at Jerry’s Plains, which 
W. R. Browne considers may be correlated with basalts 
in the Greta Goal Measures near Raymond Terrace/ 32 * 
lie regards the Jerry’s Plains basalts as interbedded in 
the Upper Coal Measures. VVe are not prepared to con- 
flrm or deny the correctness of this correlation. It is 
doubtful, however, if sufficient held work has yet been 
done to determine whether the basalts referred to by 
Browne are flows or sills. The age of these* rocks relative 
to the sediments in which they occur is made difficult by 
the fact that the absence of contact phenomena does 
not necessarily imply that the basalts are interbedded, 
as the absence of alteration at the contact of Tertiary 
intrusives with Kamilaroi sediments is quite remarkable 
in some places. (Tests carried out in the laboratory of 
the Department of Mines, 1928, on shale from beneath 
the Carrington sill showed little alteration until tem- 
peratures approaching 1,000° C. were reached.) 

W. R. Browne came to his conclusion mainly on petro- 
logical evidence, but it is considered by one of us 
(H.F.W.) that on the same basis many of the dyke 
basalts have a very close resemblance to some of the rocks 
included in the Garrawilla Series by E. J. Kenny (in lit.). 



INTRUSIVE IGNEOUS ROCKS. 


211 


Kenny regards these as being largely contemporaneous 
lavas in the Jurassic, (18) though he has also stated that 
some of the rocks are probably intrusive/ 14 ' 

It may be possible to determine the age of these basalts 
from a consideration of tectonics, but we do not appear 
to be in a position at present to say definitely to which 
of the two earth movements which have affected the region 
they should be assigned. As stated on page 213, 
however, this evidence suggests a Tertiary or at least a 
post-Triassic age for the dyke basalts. 

All that can be said at this stage is that the basalts 
are of late Kamilaroi age or younger, and that they may 
prove to be Jurassic or Tertiary. 

Tectonics in Relation to Injection of Igneous Rocks. 

The petrological research shows that there is no line 
of distinction between the syenite of the principal out- 
crops and that of the dykes. From this and the* fact that 
the syenite occurs in sharply bounded dykes in the 
dolerite, it is clear that (i) the consolidation </ the latter 
was complete before the injection of the syenite, (ii) 
differentiation of the magma had been effected in a 
reservoir removed from the place of intrusion prior to 
injection, (iii) the syenite was injected during a time of 
crustal stress, which was therefore of late Tertiary age. 
The first and second of these points arc discussed later 
(page 229). 

With reference to the third, we arc 1 far from being 
in a position to make a satisfactory analysis of the 
stress directions of the region. It has been subjected 
to two well-marked orogenic movements, one of which is 
late Palaeozoic and the other post-Triassic. The evidence 
for the former has been tran versed in some detail by 
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Osborne (15> and for the latter in brief by one of us 
(H.G.R.). <16) 

Osborne (loc. cit .) gives the following trend lines 
as those which have been developed by the late- 
Palflpozoic disa trophism in the Hunter region: (1) 
N. 15° W.-N. 20°W., (2) N. 30° W.-N.W., (3) almost due 
north and south, and (4) N. 20° E. 

It would appear, however, from evidence already 
given (10) and from that briefly reviewed below, that there 
must still be considerable doubt as to the relative import- 
ance of late-Palieozoic and post-Triassic earth movements 
in producing structures with these trends. For instance, 
the Lochinvar dome, undoubtedly in part a late-Palaeozoic 
structure, has a fault (Matthew’s Gap) developed on its 
western side parallel to its principal axis, which involves 
the Triassic equally with the Permian. {10) The Wingen 
fault also has a strike a little to the north of west, and 
is almost certainly post-Triassic. 

These are major structures. A study of the secondary 
structures leads also to significant conclusions, but it is 
only possible to deal very briefly with these in the present 
paper. The main secondary structures are: 

A. Joints and syenite dykes in the Savoy sill. Strike 

directions: (i) N. 35° W., (ii) E. 5° N. 

B. Basalt dykes (Text-fig. 1). Strike directions: 

(i) N. 15° E. to N. 35° E. (dominant), (in 
meridional, (iii) N. 20° W., (iv) E. 6° N. to 
E. 20° N. (common). 

C. Thrust faults: (i) At Grasstree striking 

N. 25° W. to N. 30° W. (described in detail by 
H.G.R. <17) ); (ii) at Antiene. Average of 
strikes about E. 15° N. (see Text-fig. 1). 
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The basalt dykes striking N. 15° E. appear to cut across 
the thrust faults at Antiene. 

It has been shown above that the structures of Group A 
are of late Tertiary age, and the thrust faults may be 
correlated tentatively at least with the Hunter thrust 
of post-Triassic age. <17 > It will be noted that there is 
fair agreement between the strike directions of these two 
groups of structures, notwithstanding that one is due to 
tension and the other to compression. Some of the basalt 
dykes fit in with the trends of Groups A and C also, 
and although the dykes with the dominant direction 
N. 15° E. do not, there is evidence at Antiene that the 
dykes with this strike appear to cut across some of the 
faults. Moreover, it is reasonably certain that all the 
dykes are of the one age. There is, therefore, no reason 
yet apparent why all the secondary structures may not 
be regarded as owing their origin to diastrophic disturb- 
ances of post-Triassic (probably largely Tertiary) age. 

Now, if the trends of A, B and O be compared with 
those quoted from Osborne as characterising the late- 
Palaeozoic diastrophism, it will be seen that there is a 
rather remarkable agreement between nearly all of them. 
If this means that earth movements have been similarly 
directed in both late-Palseozoic and post-Triassic time, it 
is difficult to see how, in the absence of other evidence, 
we can say which of the two played the more important 
part, the mere citation of a trend being of no value. 

So far as the Muswellbrook dome is concerned, it may 
have originated in the late Palaeozoic and become 
markedly accentuated in the late Tertiary. The 
dolerite was apparently injected* during the first 
stages of the later movement. The intrusion was plug- 

C— July 6, 1932 
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like in the first instance, but spread out, conforming to 
the bedding planes of the incompetent shales of the 
Greta Coal Measures. The existence of a competent 
sandstone bed in the Branxton stage of the Upper Marine 
was probably an important factor in determining the 
horizon of the intrusion (vide (18) ). This it may have 
done directly or indirectly depending upon the age of 
the basalt overlying the dolerite. Thus if the basalt is 
older than the dolerite, the sandstone may have caused 
the former to take on the sill form in the first place, the 
basalt in its turn determining the horizon of the dolerite. 

After the dolerite had consolidated, jointing developed 
under the influence of regional stresses in directions 
N. 35° W. and E. 5° N., i.e., inclined to each other at 120 
degrees. At the same time the syenite was injected, for 
the fact that the joints extend across the dykes in places 
shows that the intrusion of the syenite must have taken 
place during the period of joint formation (vide (19) ). 

It is possible that the extension of the plan of the out- 
crop westerly from Savoy hill is also controlled by joints 
owing their origin to the same stresses. 

Depth of Cover at the Time of Intrusion . 

According to Sussmileh ( <7> , p. 42), “the basaltic 
eruptions appear to have immediately preceded the uplift 
of the tablelands (Kosciusko uplift) . . Thus the 
flows were poured out upon a peneplain which was sub- 
sequently uplifted to form a plateau or tableland, the 
dolerites being intruded at about the same time. In the 
Muswellbrook district this tableland is about 2,000 feet 
above present sea-level. (Woodlands T.S., 2,213 feet on 
the south side of the Hunter, is on Tertiary basalt; 
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Bell's Mountain T.S., 2,240 feet to the north-east of 
Muswellbrook, is on Kuttung rocks.) 

Since all the major faults in the area under discussion 
are pre-Kosciusko (see Osborne, op. cit., p. 451), and there 
is still basalt on the plateau, the difference between the 
height of Savoy T.S. (1,047 feet) and the present plateau 
level is a measure of the maximum amount of cover which 
could have been present when the intrusion took place. 
This depth of cover, about 1,150 feet, could only have 
been reduced by the depth of a pre-uplift valley which 
might have existed above the present Savoy hill. Of the 
existence of such a valley thtfre is no evidence; on the 
contrary, the Savoy, Arthur and Ogilvie trigonometrical 
stations appear to lie on a ridge which was a pre-uplift 
divide. 

It may be of interest to express the depth of cover 
in terms of the weight of the rock column. Of the 1,150 
feet, a maximum of 650 feet would have consisted of 
Triassie sandstone and conglomerate (difference between 
heights of Arthur and Woodlands T.S V , and the 
remainder largely of shale (Upper Marine and Upper 
Uoal Series). Taking the weight of a cubic foot of sand- 
stone as 137 lb. and of a cubic foot of shale as 162 lb., (20) 
the pressure per square foot at the horizon of the in- 
trusion w r ou]d have been approximately 75 tons. 

Petrology. 

Three rock types are recognised : anal cite dolerite, soda 
syenite and basalt. 


Analcfte Dolerite. 

This rock forms the main mass of , the sill, and although 
many specimens were collected and examined carefully, 
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no evidence could be found of gravitative differentiation 
in the portion exposed by denudation. It is somewhat 
soft, and unaltered specimens are difficult to obtain, even 
the freshest material from outcrops in watercourses, 
where the decomposed mantle has been removed by stream 
erosion, showing a considerable degree of alteration. 
There are strong reasons for the belief that the softening 
of the rock is not due to weathering alone, but to the 
effects of late magmatic processes. This point will be 
dealt with later in describing the individual minerals 
of the rock. In hand specimens the rock is seen to be 
holocrystalline, medium to coarse grained, and of a dark 
greenish-grey colour. Under the microscope it is seen to 
be composed mainly of plagioelase, titaniferous augite, 
ilmenite with interstitial alkali felspar, chlorite, analcite, 
kaolin, serpentine, talc, brown hornblende, biotite and 
quartz, and numerous small inclusions of apatite. The 
fabric is granular to subophitic. 

Description of Minerals. 

Plagioelase occurs as idiomorphic lath shaped crystals 
1 to 3 mm. in length, and is usually much altered, many 
crystals Inning been entirely replaced by kaolin and 
sericitie material. Twinning is much obscured by heavy 
deposition of kaolin, but both albite and Carlsbad types 
are shown. Symmetrical extinction angles of about 32° 
indicate that it is labradorite, having approximately the 
composition Ab 4 5 An 5 5 . Zoning is exhibited by some 
crystals and is of the normal type, the centres being of 
calcic and the margins of more acid kinds of felspar. A 
much altered alkali felspar occurs tilling many of the 
interstices of the rock. Much of this material is un- 
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twinned and has a refractive index less than that of 
Canada balsam. As the norm indicates the presence of 
7*23% of orthoclase, it is probable that the interstitial 
felspar contains both orthoclase and albite. The altera- 
tion of the alkali felspar is more pronounced than in the 
case of the labradorite, many areas being quite opaque 
through deposition of kaolin. One peculiar feature of the 
interstitial felspar is the occurrence of a few small 
patches of quite clear unaltered mineral obviously of late 
crystallisation, suggesting that the kaolinisation of the 
first formed felspars took place before the deposition of 
the last interstitial felspars. Distinct evidences of albiti- 
sation of labradorite are seen; in places the kaolinised 
labradorite crystals have a narrow margin of clear 
unaltered alkali felspar. This process, however, does not 
appear to have taken place extensively, for only occa- 
sional crystals are thus affected. 

Augite . — A slightly purple coloured, faintly pleochroic 
variety occurring in sub-idiomorphic crystals and irregu- 
lar grains, many of which are ophitically moulded on the 
felspar laths. The average grain size is 1 to 2 mm. in 
diameter. The amount present is considerably in excess 
of the 12% shown in the norm, most specimens exam- 
ined containing in the vicinity of 25%. A most remark- 
able feature of the augite is that notwithstanding the 
high degree of alteration of the rock, it is as a rule quite 
fresh, and has suffered little or not at all. It occasionally 
shows a slight reaction rim where it is in contact with 
the alkaline interstitial materials. These rims are. very 
narrow and indefinite and are apparently of a chloritic 
character. 
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Ilmenite is an important constituent, occupying about 
5% of the volume of the rock. It occurs in its typical 
skeletal crystals mainly in the interstitial material, 
seldom included in the augite or labradorite. The late 
crystallisation of ilmenite and magnetite has been 
referred to by Teall (21) in describing the basalts of Frans 
Josef Land, and by Washington f22) in dealing with the 
Deccan Trap Rocks of India. Much of the ilmenite is 
intergrown with biotite and many crystals are coated 
with leucoxene. Similar ilmenite-biotite intergrowths in 
dolerite have been described by Tyrrell ( (3) , p. 553), who 
states that they are to be explained by a reaction between 
the ilmenite and the residual sodic liquor. 

Interstitial Material. 

The interstitial material which occupies probably 25% 
of the rock space contains, besides the alkali felspars 
already alluded to, chlorite, kaolin, biotite, brown horn 
blende, analcite, quartz, serpentine, talc and carbonates, 
and numerous tiny prismatic crystals of apatite. 

Chlorite is the most abundant interstitial mineral, and 
can be seen partially replacing brown hornblende and 
biotitie, and also forms pseudomorphs after biotite in 
which traces of the cleavage planes of the original biotite 
are still visible. Most of it, however, occurs as indefinite 
scaly or fibrous masses, filling some of the interstitial 
spaces of the rock. 

Kaolin is seen to be derived from both the felspars and 
analcite, and some crystals of these minerals are so 
heavily charged with it as to be opaque. Kaolinisation 
of the felspars has been somewhat selective, most of the 
zoned labradorite crystals having been most affected 
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along their more acid margins. As before mentioned, 
there is distinct evidence that the process of kaolinisation 
should be regarded as of late magmatic origin, as the last 
formed felspars are quite unclouded. 

Biotitc is not plentiful in the rock. It occurs as small 
flakes often associated with the ilmenite. It is strongly 
pleochroic and its cleavage planes often show distortion. 
Much of it is altered to chlorite, the change being pre- 
ceded by a change to a green coloured biotitc, which then 
changes to typical chlorite. 

Brown hornblende is rare, most of it having been 
altered to chlorite. It is pleochroic in shades of brown, 
brownish-yellow, and green, and always partly chloritised. 
Some of the chlorite shows two sets of cleavage traces 
intersecting at about 60°, indicating that it represents 
altered hornblende. 

Anal cite occurs very sparingly, filling some of the tri- 
angular interstices of the rock. It is nearly all clouded 
by decomposition, and some of it shows weak anomalous 
double refraction. 

Quartz . — A very small amount of quartz is present in 
the rock. It occurs both as irregular interstitial masses 
and as thin shells around felspar crystals. The second 
method of occurrence is interesting, and lends weight to 
FennerV 23) hypothesis that quartz and micropegmatite 
in basic rocks are the results of interaction between late 
magmatic mineralisers and earlier formed minerals. In 
the present instance it is thought that the kaolinisation 
of the felspar may have supplied the silica to form the 
quartz. It will be noticed that quartz is absent from 
the norm. 
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Serpentine is present in small amounts. It is of a pale 
yellowish-green colour, and some is recognisably pseudo- 
morphous after olivine. 

Talc occurs in tiny scales replacing some of the 
serpentine. 

Carbonates are rare, and occur mainly in tiny veinlets 
associated with sericitic material in the felspars. 

Apatite forms small acicular to prismatic crystals up 
to about 1*5 mm. in length, and is more abundant in the 
interstitial material than in the labradorite and augite. 

Order of Consolidation . 

The order of consolidation appears to be somewhat as 
follows : 

Labradorite, augite, olivine, ilmenite, biotite, horn- 
blende, apatite, alkali felspars, analeite, quartz. 

The hornblende probably crystallised about the same 
time as the biotite. 

There was much overlap between the crystallisation of 
the interstitial minerals, and it is difficult to make 
out the exact order in which they consolidated. The 
apatite commenced to crystallise early and continued 
till most of the interstitial material was formed. The 
reversal of the normal order of consolidation in dolerites 
is fairly common. In N.S.W. similar orders of consolida- 
tion have been noted in the Prospects Mass, (24) the thera- 
litic dolerite from Bombala ( <6) , pp. 377-378), and the 
large dolerite sills of the Coonabarabran Area (H.F.W., 
in lit.). 

The development of chlorite, serpentine, tale, and 
kaolin should be regarded as a late magmatic process, 
and possibly the analeite, alkali felspar and quartz may, 
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in part, have been derived by interaction between the 
active mother liquor and the solid crystalline phase of 
the cooling rock. The late crystallisation of apatite and 
its consequent frequent inclusion in the interstitial 
material implies the presence of much fluorine or chlorine 
in the residual liquors. The action of a hot solution 
rich in fluorine doubtless caused changes in the earlier 
formed silicates and would be quite capable of leaching 
them of part of their silica content which could later 
have consolidated as quartz. Browne* 24 } implies some 
such origin for the alkali felspars in the Prospect dolerite. 
Fenner ( <23) , p. 753), in his paper on the volcanic rocks 
of the Katmai region of Alaska, summarises much of 
the literature dealing with the subject of the influence 
of magmatic gases on the crystallisation of igneous rocks 
and holds them responsible for the development of quartz 
and micropegmatites in the interstitial spaces of 
dolerites. 

The late crystallisation of ferromagnesian minerals in 
basic effusive rocks is explained by Daly* 20 ' as being due 
to the presence of gas fluxes in the vents, thereby lower- 
ing the freezing point of the lavas and thus lengthening 
the temperature interval during which femic minerals 
may form. Some such process has probably favoured the 
late solidification of the augite, hornblende and biotite 
in the dolerite from Savoy. 

Soda Syenite. 

The relationship of the syenite to the dolerite has been 
described ; the junction between the two is probably quite 
sharp as the main mass of syenite does not exhibit increas- 
ing basicity with increasing depth, and the dolerite is 
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not noticeably more acid near the contact than in the 
lower portions, and small sharply bounded veins of 
syenite have been seen occupying joint fissures in the 
dolerite (see p. 202 and Fig. 3). 

The syenite is a medium to fine grained, cream coloured 
holocrystalline rock, somewhat miarolitic in the upper 
portions of the main mass, but quite dense lower down. 
The drusy cavities are filled with quartz crystals, 
chalcedony or cal cite. Under the microscope it is seen 
to be composed of alkali felspar which make up about 
75% of the rock, with interstitial quartz, micropegmatite, 
indefinite patches of hematite, and a very small amount of 
each of soda amphibole, biotite, apatite, and ilmenite. 
The rock is even grained and has a granitic texture. 

Description of Minerals. 

Felspars are nearly all untwinned, but a few crystals 
show fine albite twinning and many exhibit either a fine 
cross-hatching or a “moire” extinction. The index of 
refraction is below that of Canada balsam and extinction 
angles are all low (about 5°). From the high ]N T a 2 0 per- 
centage and the high albite content of the norm, it is 
certain that much of the untwinned felspar must be soda 
ortlioclase, as very little definite albite is present. Most 
of the felspar crystals are clouded through deposition 
of kaolin, and in some specimens examined the deposition 
of kaolin has been so heavy as to render the rock opaque. 
Some of the kaolinised crystals are surrounded by rims 
of dear albite, which exhibit albite twinning and have a 
refractive index slightly higher than the orthoclase or 
anorthoclase, but lower than Canada balsam. Rims of 
quartz are also common, and where felspar is in contact 
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with quartz it is invariably more heavily charged with 
kaolin than elsewhere, suggesting that the quartz may 
have been formed by the kaolinisation of felspar. 

Quartz . — This mineral occurs mainly in micrographic 
intergrowth with felspar, but also as irregular interstitial 
grainR. It is most plentiful in the drusy portions of 
the rock. 

Hematite occurs as reddish-brown opaque masses, in 
places clearly resulting from the alteration of ferro 
magnesian minerals, whilst in others a core of magnetite 
or ilmenite can be seen. 

Soda amphibole occurs most plentifully in specimens 
containing least quartz. It is apparently of early crystal- 
lisation, and builds subidiomorphir crystals up to 0*5 mm. 
in length. It is strongly pleochroic, the colours observed 
being pale brownish-green, dark brownish-green, and 
bluish-grey. The extinction angle is about 12°, indicating 
that it is arfvedsonite. 

Biotite is a very rare constituent, and is u-ually of a 
very pale yellowish brown colour. 

Apatite occurs as tiny rod-like crystals plentifully 
scattered throughout the rock. As in the case of the 
dolerite, it appears to have crystallised rather later than 
most of the felspar. 

Ilmenite occurs mainly as skeletal crystals enclosed 
in hematite. 

Calcite occurs chiefly Ailing small dusy cavities and 
veins, but also filling some of the triangular spaces 
between the felspar crystals. 

Chalcedony in its typical cryptocrystalline form occurs 
sparingly in a similar manner to the calcite. 
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Order of Consolidation. 

Owing to the high degree of alteration and small 
amounts of ferro-magnesian minerals, their consolidation 
relationship is not clear. It is evident that the orthoclase 
and soda orthoclase enjoyed considerable freedom in 
crystallisation and that quartz and albite crystallised 
late, the quartz mainly in the interstices, but partly 
in micropegmatite, and the albite surrounding and pos- 
sibly replacing orthoclase and soda orthoclase. 

Harker (20) dealing with the Tertiary igneous rocks of 
Skye, states that “the association of druses, generally of 
small size, with xenoliths is a very general phenomenon.” 
No xenoliths, however, are to be seen in the Savoy syenite, 
and the association of quartz and miarolitic structure 
are much more likely to be the results of magmatic gas 
action as is described by Fenner ( (23) , p. 759) in the case 
of the Virginian dolerites of Triassic Age. At Savoy the 
miarolitic structure is almost exclusively developed near 
the top of the sill where concentration of gases might 
be expected to have taken place. 

Basalt. 

The exact relationship of the basalt to the dolerite and 
syenite cannot be determined from field evidence. It is 
uncertain whether it represents a chilled margin of the 
dolerite or an earlier intrusion. 

In hand specimens the rock is seen to be soft and 
weathered; it is buff to brown in colour, fine grained and 
in some places appears to be slightly amygdaloidal. Under 
the microscope it is seen to be composed mainly <ff basic 
plagioclase laths averaging about 25 mm. in length, with 
much indefinite interstitial material heavily charged with 
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hematite. Ferro-magnesian minerals are represented only 
by the chloritic material and hematite in the ground- 
mass. Close examination of the interstitial material 
shows the presence of a little comparatively fresh alkali 
felspar, some chalcedony and calcite. Many minute 
crystals of apatite are also present. The amygdaloidal 
areas are seen to he more in the nature of irregular 
drusy cavities than smooth steam holes. The tilling is 
usually either chalcedony or calcite, and each cavity is 
surrounded by a zone of hematite. 

The type of alteration of the basalt is similar to that 
found in the syenite which shows alteration of ferro- 
magnesian minerals to hematite instead of to chlorite 
as in the case of the dolerite. 

Chemical Composition. 

The dolerite and syenite were submitted to analysis, 
but it was thought that no useful purpose could be 
served by analysis of the basalt, owing to its M^h degree 
of weathering. Analyses of similar dolerites and syenites 
are quoted for comparison. 

It will be noted that the silica percentage of the 
dolerite is rather higher than is usual in similar rocks, 
but, apart from this feature, the analysis agrees fairly 
well with that of the Prospect paleo essexite, which has 
been regarded as the undifferentiated type rock. The 
potash percentage is very close to that of the Prospect 
rock and, coupled with the presence of alkali felspars, 
shows the rock to have Essexitic affinities. Owing to 
the higher silica percentage, felspathoids are almost 
absent from the Savoy rock. The norm calculated from 
the analysis agrees fairly closely with the minerals pre- 
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Analyses. 



r - 

II. 

III. 

IV. 

V. 

VI. 

SiO, 

60*76 

49*50 

46*26 

45*57 

44*69 

56*44 

Al,0, . . 

14*23 

16*46 

13*36 

14*95 

14*17 

15*54 

Fe.O, . . 

5*40 

3*70 

2*34 

2*82 

3*35 

3*27 

FeO 

0*99 

6*12 

10*53 

7*35 

10*86 

3*67 

MgO 

0*80 

5*75 

8*87 

6*19 

6*41 

1*73 

CaO 

4-36 

8*14 

9*18 

8*27 

10*28 

4*16 

Na,0 

5*30 

4*40 

3*27 

4*33 

3*64 

5*81 

K,0 

3*67 

1*15 | 

1*23 

2*16 

2*01 

4*27 

hJo+ ** .. 

1*47 

2*69 

2*08 

3*93 

2*53 

2*06 

H,0 — .. 

0*35 

0*87 

0*15 

0*97 

1*01 

0*44 

TiO, 

0*90 

0*76 

1*78 

2*41 

0*46 

1*16 

p,o 4 

0*26 

0*48 

0*42 

0*67 

0*45 

0*83 

CO, 

1*60 

0*16 

0*06 

0*18 

Nil. 

0*97 

MnO 

0*18 

0*16 

0*12 

0*31 

0*31 

— 

Cl 

Trace. 

Trace. 

— 

— 

1 — 

— 


Norms. 



I* 

II. 

III. 

IV. 

V. 

VI. 

Quartz 

9* 12 






Orthoclaso 

21*68 

7*23 

7*23 

12*79 

11*7 

25*6 

Albite 

44*54 

26*72 

20*44 

21*48 

8*6 

49*2 

Anorthite 

4*17 

21*68 

18*07 

15*01 

16*4 

3*4 

Nepheline 

— 

5*68 

3*98 

8*24 

12*1 

— 

Diopside 

8*50 

12*14 

20*15 

17 27 

26*5 

4*5 

Hyperothene 

— 

l 

— 


— 

4*1 

Olivine 

— 

! 11*09 

19*50 

10*33 

14*6 



Magnetite 

0*70 

5*34 

3*48 

4*18 

4*9 

4*9 

llmemte . . 

1 - 67 

1*52 

3*34 

4*56 

0*9 

2*3 

Hematite 

4*96 

— 







Apatite 

0-67 

I 1*34 

1 

1*01 

! 

1*68 

1*0 

2*2 

I. Soda syenite — Savoy Hill, 
Analyst. 

Muswellbrook. 

W. A. 

Greig, 


II. Dolerite — Savoy Hill, Muswellbrook. W. A. Greig, Analyst. 

III. Paleo-Essexite — Prospect, N.S.W. Jenson, Jevons, Taylor 
and Sussmilch, Proc. Roy. Soc. N.S.W. , 1911, Vol. XLV. 

IV. Scottish Tescherite — average of 5 samples. Tyrrell, G. W., 
Geol. Mag., 1923, p. 245. 

V. Crinanite — Howford Bridge, Mauchline, Scotland Tyrrell, 
G. W., Q.J.G.S . , Part 3, 1928, Vol. LXXXIV, pp. 55*7-9. 

VI. An&lcite Syenite— Howford Bridge, Mauchline, Scotland. 
Tyrrell, G.W., Q.J.G.S . , Part 3, 1928. 
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sent in the rock, the main differences being that analcite 
is present in place of nephelinc, whilst augite, biotite, 
serpentine, hornblende and chlorite take the place of 
diopside and olivine. 

The analysis of the Savoy soda syenite agrees fairly 
closely with that of the Howford Bridge analcite syenite, 
but shows a slightly higher silica content. But for the 
presence of quartz in the Savoy rock, the norms also 
are in fairly close agreement. The norm is very similar 
to the mode, the only difference being that the diopside 
of the norm is represented in the rock by soda amphibole 
and a little mica. It is quite possible that some of the 
hematite present in the rock represents completely 
oxidised pyroxene, in which case there would be even less 
difference between the normative and the actual mineral 
composition of the rock. 

Relationship of the Syenite to the Dolerite. 

So many instances of the occurrence of svonitic veins 
in dolerite are known that it must be regarded as quite 
a normal phenomenon. The best known example in 
N.S.W. is the Prospect intrusion described by Jevons (2 ’ 
and his co-authors; Tyrrell (3> has described veins of 
analcite syenite in doleritic rocks in Ayrshire. Syenite 
veins in trachydolerite have been noted by Ichimura 14 ' 
in Korea and Northern Manchuria, and they are also 
known to occur in the large sills and laccolites of 
California. 

Many writers, most notably Bowen ( 27 > and Tyrrell 
( <3) , p. 565), seek to explain this phenomenon on. the 
crystallisation and filter pressing hypothesis whereby the 
more basic constituents of the magma crystallised, first 
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forming a “sponge” of basic crystals filled with an acid 
mother liquor. The sponge has been assumed to contract 
on cooling, and the mother liquor to be driven out by 
earth movements, pressure of superincumbent rocks or 
contraction, to solidify in cooling cracks or regions 
of earth tension. This hypothesis has been strongly 
opposed by Fenner ( (23) , p. 759) who points to the fact 
that in many dolerites and basalts the basic minerals 
crystallise late. lie doubts whether the mere crystallisa- 
tion of a basaltic magma would at any time yield an 
acid residuum approximating a syenite in composition, 
and explains the aplitic veins as due to the magmatic 
waters containing mineralising agents, removing certain 
constituents from the earlier formed rocks and deposit- 
ing them later in cracks and joints. He further sup- 
poses the magmatic waters and mineralisers to be the 
cause of the alteration of the syenitic rocks and the cause 
of drusy cavities and development of secondary minerals 
in them. 

Daly ( (25) , p. has drawn attention to the fre- 

quent association of trachytic lavas with basaltic types, 
as well as syenitic veins in dolerites, and seeks to explain 
all the rocks of the syenite clan as due to contamination 
of a basaltic magma by assimilation of sediments at 
great depths, followed by differentiation and the sub- 
sequent intrusion or extrusion of first the basic and then 
the acid phase so formed. 

At Savoy there is no evidence of differentiation in situ, 
and the sharp junctions of some of the smaller veins 
of syenite in the doierite indicate that the sytfiite was 
injected after the doierite had completely solidified. A 
microscopic examination of the junction of one of the 
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veins and the dolerite shows no signs of intermixing of 
the felspars, such as might be expected were the syenites 
formed from an alkali-rich mother liquor extruded from 
the spaces of the dolerite. Had the syenite originated by 
means of “filter pressing’’ of the dolerite, a trachytoid 
arrangement of the minerals of the “sponge” ought to be 
evident due to the contraction following the extrusion 
of the mother liquor; no such texture can be observed, 
however, in any specimens of the dolerite so far collected. 
The weight of evidence seems to point to the fact that 
the syenite differentiated from the dolerite in a deep 
seated magma chamber and was injected at some consider- 
able time interval after the dolerite had solidified. The 
injection of the syenite was accompanied by magmatic 
waters and gases that were responsible for the kaolinisa- 
tion of the felspars of the syenite, the development of 
druses in its upper portion, the leaching of its ferro- 
magnesian minerals, and probably also part of the altera- 
tion of the dolerite as well. The arrangement of the 
small dykes of syenite in the dolerite suggests that they 
occupy a system of joints of tectonic origin, rather than 
shrinkage cracks (see p. 211). 

In considering the relationship of the syenite and 
dolerite it is interesting to note that in the case of the 
Tertiary eruptive rocks of eastern Australia, alkaline 
trachytic rocks are frequently associated with basalts and 
usually appear to post date the latter by some consider- 
able time. As there is evidence that the Savoy intrusion 
is of Tertiary Age, it seems probable that the dolerite 
should be regarded as the hypabyssal equivalent of the 
older basalts and the syenite as representing the later 
trachytes. This matter, however, will be dealt with 
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more fully in a later paper dealing with the whole of the 
intrusive rocks of the Muswellbrook-Singleton area in 
which the problem of their ages will be more fully 
discussed. 

Summary. 

The Savoy intrusion, one of a number of doleritic 
igneous masses in the Muswellbrook-Singleton coalfield, 
is described in detail. It is shown to be mainly a con- 
cordant intrusion into the Greta Coal Measures, partly 
of the simple sill type and partly phacoidal, of which 
the feeding channel is to some extent exposed. The 
main mass of the sill consists of dolerite with syenite 
veins intruding it. These veins are of two types: one 
stratiform, approximately parallel to the roof of the 
sill, and the other occupying joints in the dolerite. 
Syenite also forms the upper portion of the sill adjacent 
to the feeding channel. 

Evidence for the Tertiary age of the intrusion is given. 
The mode of occurrence of the Ryenite and the secondary 
structures of the Muswellbrook district are discussed in 
relation to the tectonic geology of the region. 

In the petrological section of the work, three types 
of rock are recognised, analcite dolerite, soda syenite 
and basalt. These are described in detail. Rock analyses 
of the dolerite and syenite are given and comparisons 
made with rocks of similar types from Prospect, New 
South Wales, and from Scotland. 

The absence of evidence of differentiation in situ at 
Savoy is emphasised in discussing the relationship 
between the syenite and the dolerite. It is also pointed 
out that the injection of the former was accompanied by 
magmatic waters and gases that were responsible for the 
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kaolinisation of the felspars of the syenite, the develop- 
ment of druses in the upper portion, the leaching of its 
ferro-magnesian minerals and probably also part of the 
k alteration of the dolerite as well. 
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Explanation of Plates. 

Plate II. 

Detailed Geological Map of the Savoy Sill. (Mr. M. Morrison, 
assisted by Messrs. F. W. Booker and C. St. J. Mulholland, made 
a preliminary survey of the sill area in 1925, but the detailed 
work on which the present map is largely based was not carried 
out until 1929. This was done by one of us (H.G.R.), assisted 
by Mr. F, W. Booker.) 


Plate III. 

Fig. 1. — View, looking south, of the syenite hill west of the 
Savoy Trigonometrical Station, showing the scarp on the western 
side and the general dip surface to the east. (Compare with 
Section AB of Text-fig. 4.) 

Fig. 2. — Aplitic veins (picked out in white) in dolerite as 
exposed on the right bank of Pringle’s Creek. One vein is dyke- 
like, but the majority are arranged approximately parallel to 
the roof of the sill. 


Plate IV. 

Fig. 1. — Dolerite by ordinary light. Idiomorphic labradorite 
laths with augite sub-ophitically moulded on them. The grey 
areas are mainly kaolin and the black portion of the photograph 
represents chlorite and ilmenite. Several triangular areas of 
alkali felspar occupying spaces between labradorite crystals are 
included in the photograph, x 16. 

Fig. 2. — Dolerite viewed between crossed nichols. The darkness 
of the interstitial material is largely due to the heavy deposition 
of kaolin in the alkali felspars. ^16. 

Fig. 3. — Soda syenite between crossed nicols, showing micro- 
pegmatite areas surrounded by soda orthoclase The “moirf*” 
extinction of the soda orthoclase is well known 32. 
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THE CRYSTAL STRUCTURE OF INDIUM. 

By Francis P. Dwyer, b.Sc., 
and David P. Mellor, m.Sc. 


( Read before the Royal Society of New South Wales , July 6, 19SB.) 


Since the only two observations on the crystal structure 
of indium are contradictory, it is clear that the structure 
needs reinvestigation. Sachs, 1 on the basis of goniomctric 
measurements made on small crystals of the electro- 
deposited metal assigned them to the cubic system. On 
account of the smallness of the crystals and the pitted 
nature of their surfaces, observations were difficult, and 
they were confined to the angle between what were con 
sidered to be the (111) faces. As the mean of six measure 
ments, the angle between these faces was found to be 
70° 48', a value which agrees closely with that calculated 
for the angle between the octahedral faces of a cubic 
crystal. On the other hand, Hull 2 interpreted the lines 
of a powder photograph made on a sample of impure 
indium as arising from a face-centred tetragonal structure 
with an axial ratio of H)<>. The validity of this structure 
has recently been queried by WyckofF. 3 4 In view of the 
fact that allotropic modifications of manganese* and 


l Zeit. f. Kryst ., 38, 495 (1904). 

* Hull : Physical Review, 17, 671 (1921). 

3 Wyckoff: "The Structure of Crystals”, 2nd Ed. (1931), p. 209 

4 Bradley: Phil. Mag., 50, 1018 (1925). Westgren and 

PhragmSn, Z. Physik ., 33, 777 (1925). Persson and Ohmann, 
Nature , 124, 333 (1929). Sekito: Zeit. f. Kryst., 72, 406 (1929). 



THE CRYSTAL STRUCTURE OF INDI1 3 * * * 7 M. 


235 


chromium 5 have been produced by electrolysis, it appeared 
possible that the divergence of Hie above observations on 
the crystal form of indium might be due to the existence 
of two forms of the metal, one of which was an electro- 
lytic modification. Therefore, powder studies have been 
made on specimens of indium which have been prepared 
both by electrolysis and cooling down from the molten 
state. 

The Production and Measurement of Powder Photographs. 

Copper K ala „ radiation from a Shearer tube oper- 
ated at 25,000 volts and 10 milliamperes was used. The 
radiation was removed by means of a nickel filter 
which also served as a w indow^ to the tube. The camera, 
of radius 5-700 cm., w as calibrated by means of pow dered 
electrolytic copper. The lattice constant adopted for 
copper w r as 3*608 A.U. (J Small errors due to the width 
of the specimen were also corrected for by the method 
due to Kolkmeijer. 7 The lines on all films were measured 
with a Hilger measuring machine. 

Material. 

Approximately 0-6 gm. of commercial indium was 
dissolved in dilute hydrochloric acid and evaporated to 
dryness on a water bath. The indium chloride was then 
carefully heated on a sand bath to 150° (\ to remove 

3 011ard: Metal Ind. (London), 28, 153 (1926). Ollard and 
Bradley, Nature, 117, 122 (1926). Macnaughton: Metal Ind., 28, 
175 (1926). Sillers: Trans . Amer. Electrochem. Soc ., 52, 301 

(1927). Sasaki and Sekito: Trans. Amei. Electrochem. Soc., 59, 
437 (1931). 

* “Gitterkonstanten 1931”; Neuberger: Zeit. /. Kryst., 80r 103 

(1931). 

7 “Prazionsbestimmung der Dimensionen von Krystallgittern” , 
80 , 63 ( 1931 ). 
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the last traces of water. The anhydrous salt was dis- 
solved in about 25 c.c*. of absolute alcohol and a 
slight excess of pyridine added. The compound 
[ InC] 3 ((\r,Hr,N) 3 ] t which i m mediately (Tystallised out, 
was filtered oti\ washed with alcohol and then hydrolysed 
with a solution of ammonium chloride. By this means 
the peptisation of tin* resulting indium hydroxide was 
avoided. The indium hydroxide was dissolved in dilute 
sulphuric acid and ammonia was added until a precipi- 
tate just formed. This solution gave no test for iron 
when treated with ammonium thiocyanate. One c.c. of 
formic acid was added and the solution was then elec- 
trolysed between platinum wire electrodes with a current 
of 0-8 amp. 

In order to prevent the formation of an alloy with the 
platinum, indium was deposited only on the tip of the 
cathode. For the first 8 hours the cell voltage was kept 
below t volts in order to plate out impurities such as 
copper. The resulting soft spongy metal was melted in 
racuo and cast into forms from which the powdered 
metal was prepared by tiling. Specimens for the study 
of the electrolytic form of the metal were prepared by 
plating out the metal on very line silver wires under 
different conditions of temperature and current density. 
Two specimens were prepared by electrolysis at a tem- 
perature of approximately 0° C. with current densities 
of 0*7 amp./cm. 2 and 10-6 umps./cm. 2 respectively. In 
order to reproduce as closely as possible the conditions of 
electrolysis maintained by Thiel, 8 whose material was the 
subject of Sachs’ investigation, two deposits were pre- 


*Ze\t /. Chcm 40 , 280 ( 1904 ). 
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pared at 60° C. with current densities of 0-76 amp./cm. 2 
and 30*3 amps./om. 2 respectively. 

Powder Photographs of Electrolytic Indium. 

Tn none of the four photographs of the specimens just 
described was there any suggestion of a pattern which 
could be attributed to a cubic structure. Tn all cases the 
lines could be interpreted as arising from a face-centred 
tetragonal structure similar to that of y manganese. 


Powder Photographs of Indium Prepared by Cooling 
the Molten Metal. 

These were identical with the photographs of the elec 
Irolytic material. The lines in all photographs were quite 
sharp. Since impurities may have affected the value of 
the lattice constants determined by Hull, it was decided 
to redetermine these constants for carefully purified 
materials and to evaluate the axial ratio more precisely 
than is possible by the graphical method. Two deter 
minations in substantial agreement were made on 
cameras of different radii. Measurements with the large 
camera only are given. The results are summarised in 
the following table. 

The values of sin 2 0 in Table 1 satisfy the relation : 

sin 2 6 = 0*2814 ( h 2 v k 2 ) + 0*02423 ( I s ) ( 1 ) 

This relation and the absence of certain spectra show 
that the lattice of indium is face-centred tetragonal. 
The intensities, estimated only very approximately 
(visually), are in qualitative agreement with those 
calculated for the structure. 9 From the constants in 

•Wyckoff: "The Structure of Crystals", 1st Ed, p 201. 
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* Lines corresponding to planes (002) and (151) were observed on different films but were too faint for measurement in 
this particular instance. Copper lines used for the calibration of the camera are also omitted. 
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equation (1) the following values for a„ and c 0 may be 
calculated : 

a„ = 4*588 ± 0*002 A.U. 

Co = 4*946 =t 0*002 A.U. 

a : c « 1*078 ± 0*002. Number of atoms per cell « 4. 

Density (calculated from X-ray data) « 7*28. 

Density (from standard determination) = 7*27. 10 

The coordinates of the atoms are as follows: 
000;H0;M;0H;. 

The distance between the atomic centres of the atoms 
situated at the centres and corners of the (001) faces is 
3*28 A.U. The corresponding distance for the atoms 
situated at the centres of the (100) and (010) is 3*89 A.U. 
Apparently indium atoms in the metallic state do not 
possess spherical symmetry since the above face-centred 
tetragonal structure is the kind that would result from 
the close packing of prolate spheroids with axes in the 
ratio 1 : 1*078. In this lack of spherical symmetry, indium 
resembles zinc and cadmium. It would appear then that 
the atoms of zinc, cadmium and indium in the metallic 
state are not in the ionic condition since, in the case of 
cadmium oxide, for example, the nature of the inter-ionic 
forces 11 implies a spherical symmetry of cadmium and 
oxygen ions, unless any inherent lack of spherical 
symmetry is destroyed by thermal motions. 

It is necessary to allow for this latter possibility, since 
there appears to be good evidence that the lower 
symmetry of nitrate and ammonium ions disappears 
through their rotation in the solid state. 12 

10 Richards and Wilson : Carnegie Institution Publications/ No 
118. p. 18 (1909). Zeit. f. Chem ., 72, 129 (1910). 

"Trans. Far. Soc., 25, 406 (1929). 

"Nature, 128, 410 (1931) 
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THE CHEMISTRY OF WESTERN AUSTRALIAN 
SANDALWOOD OIL. 

Part II. 

By A. K. Pen fold, F.A.C.I., F.C.S., 

Curator and Economic Chemist, Technological Museum , Sydney. 

( Head bejore the Royal Society in New South Wales , August 3, 1938.) 

The publication of my Part I paper in the Journal 
and Proceedings of the Royal Society of New South 
Wales , Vol. LXII (1928), pages 60-71, provoked consider- 
able controversy, but it is pleasing to note that the 
chemical composition of commercial Western Australian 
Sandalwood oil as revealed therein was subsequently 
confirmed by Dr. R. Coupechoux in his publication 
entitled “Contribution a Petude de l’essence de Santa! 
d’Australie," issued in 1931. 

It is much to be deplored that a statement on page 62 
of my publication ( l.c .) reading “Curiously, however, the 
santalols were not detected in oils of our own distilla- 
tion," recorded in good faith for purely scientific pur- 
poses, should have been made use or by commercial 
interests for trade purposes. 

The principal object of this contribution is to record 
the results obtained in tin* examination of the interesting 
series of specimens of wood from various parts of the 
tree of Eucarya spicata (Sprague and Summerhayes) 
(Syn. Fusanus spicatvs, R.Br. Santalum spicatum , 
A.DC. ; <Sf. cygnorum , Miq.), occurring in the different 
localities of Western Australia kindly furnished by Mr. 
S. L. Kessell, Conservator of Forests, Western Australia, 
in March, 1928 (see page 61, l.c.). 
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The various samples of wood were reduced as far as 
practicable to sawdust, but some of the roots and butts 
were difficult of reduction with the plant at our disposal. 

The essential oils were obtained from each lot by steam 
distillation and not by means of solvent extraction. The 
yields recorded are relatively accurate, but it is pointed 
out that there is no evidence that the whole of the oil 
was removed from those specimens where the wood could 
not be reduced to the finest possible state of subdivision. 
An example is given in Sample “C” in Table “ A where 
the yields of both coarse and fine material are recorded, 
mz. 9 1*6% and 2-4% respectively 

The chemical and physical characters of the various 
crude oils are set forth in Table “A.” 

The alcoholic bodies were prepared from each lot of 
oil enumerated in Table “A” by treatment of 100 grs. 
with equal weights of phthalic anhydride and benzene 
heated on a boiling water bath for two hours. The 
returns are furnished in Table “B,” together with the 
distillation range and chemical and physical characters 
of each separate alcoholic constituent. 

The other constituents of the oil were not further 
examined. 

The alcohol, santalol, shown by Dr. R. Coupechoux to 
be the ft form, was sought for in each specimen of alcohol 
by the following methods, viz . : 

1. Oxidation to santalenic acid with potassium 
permanganate as per method given in Jour. Proc . 
Roy. Soc. N.8.W., Vol. LXII (1928), page 68. 

2. Preparation of the allophanate, as per procedure 
described on page 68 ( l.c .). 

3. Oxidation to santalal witli Beckman's chromic 
acid mixture at room temperature. 


F — August 3, 1932 
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Excellent results were obtained by methods (1) and 
(2), but some difficulty was experienced in the inter- 
pretation of the information obtained through the semi- 
carbazones of the oxidation products in method (3), 
owing, no doubt, to the use of only 5 cc. alcohol — all 
that could be spared for the purpose. The yields and 
melting points of the derivatives obtained under headings 
(1) and (2) are recorded in Table “B.” 

Although the melting points of the various allo- 
phanates vary from 152° to 155-156°, mostly the latter, 
they represent the impure derivative of santalol. 
Repeated recrystallisation from ethyl alcohol resulted in 
the melting point being raised to 162-163° ( l.c ., page 68). 

The results obtained by oxidation with chromic acid 
are not included in this paper. 

The results set forth in Table “B” show very con- 
clusively that the alcohol santalol is present in consider- 
able quantity in the oils obtained from the roots and 
butts. With the exception of sample “D,” this alcohol 
was not detected in the oils obtained from the other lots 
of stickwood. 

The specific gravity of the separated alcohols provides 
a very ready means of ascertaining the extent to which 
santalol is present. A perusal of the various specific 
gravities set out in Table “B” affords a very reliable 
indication of the occurrence of santalol in samples “C,” 
“D,” “E,” “G” and “I,” and the relative absence of this 
alcohol in samples “A,” “B,” “F” and “H.” Sample “A,” 
of course, is obtained from the wood of Santalum lanceo- 
Uitum, and has been included merely for comparative 
purposes. 

The specific gravities of the last-named sample are 
very low indeed, and are indicative of the occurrence of 
the secondary alcohol referred to in my Part I paper, 
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page 70. The boiling point as recorded therein is higher 
than the truth, and it will be corrected when its chemistry 
is published at a later date. 

This particular alcohol has a specific gravity of about 
0*938 to 0-940 and occurs in considerable amount in 
samples “B,” “F,” and more especially “H.” It is pro- 
posed to investigate thoroughly this alcohol when a 
further consignment of the wood is made available. 

I desire it to be clearly understood that the results 
given in Tables “A” and “B” do not refer to the com- 
mercial oil but to samples obtained from 1 cwt. lots of 
stick wood, roots and butts, furnished by the Conservator 
of Forests, and said by him to make on the whole a good 
representative sample of the Sandalwood as grown in 
the various parts of the State of Western Australia. A 
number of commercial samples of Western Australian 
Sandalwood oil have been examined since those published 
in 1928, and they reveal a marked improvement in the 
content of santalol (see Chemist and Druggist, 13th 
September, 1930). 

In order that authentic data might be made available 
as to the source of the commercial oil, the manufacturers 
— Messrs. Plaimar Ltd., of Perth — kindly furnished, in 
April, 1932, 1 cwt. of butts of Ducarya spicata. This 
consignment was stated to represent a fair average 
sample of the wood used in the production of commercial 
Australian Sandalwood oil. The butts were reduced to 
as fine a condition as possible with the plant available 
and the essential oil produced therefrom by means of 
steam distillation. The oil thus obtained gave the follow- 
ing results on examination, viz . : 

Specific gravity, 0 9673. 

Optical rotation, -9-6°. * 

Refractive index, 20°, 1*5065. 

Soluble in 2*0 vols. 70% alcohol (by weight). 
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Insoluble in 10 vols. 70% alcohol (by volume). 

Ester No., 13*6. 

Ester No. after acetylation, 182*6. 

20 cc. oil yielded 5*0 grs. santalenic acid. 

100 grs. of the crude oil were heated on a boiling water 
bath for 2 hours with 100 grs. each phthalic anhydride 
and benzene. 63% of alcohols was returned, which gave 
the following results on distillation, viz . : 


Fraction. 

Volume. 

Boiling Point. 

15 

2°° 

a D 

-r 

1 

8 cc. 

145-148° (8 mm ) 

0 9742 

-5° 

1 6072 

2 

: 

48 cc. 

149-152° (3mm) 

0 9717 

-9 0° 

1 5088 


Fraction No. 2. 

Oxidation to Santalenic Acid. 

20 cc. of this sample were oxidised with potassium 
permanganate in accordance with procedure described 
in Journ . Roy. Soc. N.S.W. , Vol. LXII (1928), page 68, 
when the high yield of 7 grammes crude santalenic acid 
was obtained. The crude acid after purification from 
dilute ethyl alcohol melted sharply at 76*5°. 

Preparation of Allophanate. 

The allophanate was prepared in good yield in accord- 
ance with the method described (l.c.). After purifica- 
tion from methyl alcohol it melted at 162-163° and was 
therefore identical with allophanate of p santalol. 

Oxidation to Santalal. 

5 cc. of the fraction were oxidised at room tempera- 
ture (15° C.) with 50 cc. Beckman’s chromic acid 
mixture. The crude santalal was removed by means of 
ether and treated with a solution of semicarbazide acetate 
in ethyl alcohol solution. The semicarbazone* thus 
obtained after repeated recrystallisation from ethyl 
alcohol melted at 230°. 
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The good yields of the above mentioned characteristic 
derivatives, together with the high specific gravity of 
the alcoholic fractions, provides abundant evidence that 
santalol is present to the extent of about 90% in the 
alcoholic portion of the oil, equivalent to 56% in the 
crude oil. 

Commercial oils purchased in the open market have 
been found to contain upwards of 60% santalol, 
computing the yield from the weight of crude santalenic 
acid yielded on oxidation of 20 cc. of the oil. A com- 
mercial sample of East Indian oil treated under similar 
conditions and at the same time gave 7*0 grammes crude 
santalenic acid. 

The botanical nomenclature of Australian Sandalwood 
will be discussed in a subsequent communication. Mean- 
time, whatever may be the outcome of the controversy 
which has raged around its botanical classification 
during the past five years, I am of the opinion that when 
once a specific name has been given to a plant which 
subsequently comes into commercial prominence, it is 
very unwise to alter it if it can reasonably be avoided. 

In conclusion, I desire to express thanks to many 
persons for assisting in this investigation; Mr. F. R. 
Morrison, F.C.S., A.A.O.I., Assistant Economic Chemist, 
for his help in the chemical examination of the oils; Mr. 
S. L. Kessell, Conservator of Forests, Western Australia, 
for the excellent supply of wood upon which the investi- 
gation is based. I am also indebted to Mr. IT. V. Marr, 
Managing Director, Messrs. Plaimar Ltd., Perth, for his 
interest in the investigation and for the supply of wood 
furnished in April, 1932, and to Mr. F. Matthews, of 
Messrs. Elliott Bros. Ltd., Sydney, for authentic samples 
of commercial Sandalwood oils. 





The Alcoholic Constituent s separated from the Crude Oils ( Table “ A ”) 61/ means of Phthalic Anhydride. 
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RIPPLE-MARKS IK THE NARRABEEN SERIES 
ALONG THE COAST OF NEW SOUTH WALES. 

By Alma G. Culby, b.Sc., 

Communicated by Professor L. A. Cotton. 

(With Plate V and five text-figures.) 

(litud before the Royal Society of New South Wales , August 3, 1932.) 


The Narrabeen Series is the lower division of the 
Triassic System in New South Wales and overlies rocks 
of Kamilaroi Age; above, the Narrabeen beds pass into 
the middle division of the Triassic — the Hawkesbury 
Series. 

The study of the ripple-marks in the Narrabeen Series 
was undertaken with the hope of gaining information as 
to their mode of origin. 

Short Notes on the Formation and Interpretation of 
Ripple-marks. 

A short description of the method of formation and 
interpretation of the main types of ripple-marks seems 
necessary at this stage. Reference for this has been made 
to papers by Kindle, (4) Bucher, (1) Hunt, (2) Twenhofel. (8) 

Fossil ripple-marks are exposed on the surface of 
some sedimentary rocks. They are marks or corruga- 
tions which suggest water ripples and are formed by 
water or wind action at the time of deposition of the 
sedimentary rocks. 
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Ripple-marks can be classified into three main types, 
(a) wave ripple, (h) water-current ripple, (o) wind- 
current ripple. Complex ripple-marks are variations of 
one or more of the above. 

Wave ripples may be formed on the floor of a body of 
water which is tideless and also free from currents. Such 
a body may be a lake or an arm of the sea cut off from 
the main ocean. Wind blowing over the water surface 
produces an orbital motion of the water particles. This 
motion is circular in deep water but grades through 
elliptical motion to an almost horizontal to-and-fro oscil 
lation in shallow water. Where the water is sufficiently 
shallow the movement of the water particles induces a 
corresponding oscillation in the loose sediment beneath. 
The continued motion causes a series of parallel ridges 
to be built up, their distances apart being proportional 
to the major axes of the oscillation ellipses. The produc- 
tion of vortices on either side of the ridges gives them a 
symmetrical profile with sharp crests and rounded 
troughs. Occasionally the crests may be rounded. 

The direction of the ripples, then, is dependent on the 
direction of the wind, but in shallow water there is a 
tendency for the waves to wheel round parallel to the 
contour lines of the bottom, and thus the ridges become 
approximately parallel to the shore line, no matter what 
the direction of fetch of the wind. 

Considerable confusion exists as regards nomenclature 
in the study of ripple-marks. In this paper the spacing 
of the ridges will be termed the wave length, and the 
height from trough to crest the amplitude. 

The actual effect which depth of water and wave 
amplitude haVe on the wave length and amplitude of the 
ripple-marks has not yet been ascertained, but Kindle, 

G — August 3, 1932. 
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from observations made on the shore of Lake Ontario, 
gives us the following table: 


Depth of Water. 

6 inches . . 
11 feet 
21 „ 

10 „ 

11 „ 

20 „ 


Wave Length of 
Ripple-marka. 

1- 2 inches 

2- 4 „ 

31- 4 „ 

4-6 „ 

41 

4-5 „ 


Also, he states that to his knowledge ripple-marks with 
a wave length of less than two inches are formed only in 
water having a depth of less than one foot. 

Bucher 0 > (p. 188) reports that Forel lias conclusively 
shown that wave length diminishes with increasing depth 
of water; Kindled observations for shallow water are 
contrary to this. 

The relationship of depth of water to wave length may 
be summarised: (a) For shallow depths, as given in 
Kindle’s table, there appears to be an increase of wave 
length w T ith increase of depth, (6) “For moderate depths 
the size of the ripples is not very sensitive to variation 
of water depth.” (©) For greater depths there is a 
decrease of wave length to a very small size. 

Kindle refutes the idea fairly commonly accepted, that 
ripple-mark of any dimension, in itself, is sufficient 
criterion for shallow water deposition. He gives 
examples of ripple-mark produced at great depths. 

Current Ripple-mark . — The continued flow of a 
current (water or air) over loose sediment is likely to 
set up ripple-marks, the ridges being at right angles to 
the direction of the current. Both water and wind ripple- 
marks have characteristic asymmetric profiler with a 
gentle stoss-side and a steep lee-side. Water-current 
ripples are formed along shores with a coastal current, 
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in water bodies under tidal influence, and as local occur- 
rences in fresh-water lacustrine sediments. 

According to Bucher, crons ripples are formed when 
one set of ripples intersects a previously formed set. The 
component ripples may be either symmetrical or asym- 
metrical. There are two classes of cross ripples — 
hexagonal, when the crests of the two sets of ripples 
intersect at an angle less than 90°, and rectangular, 
when they intersect at 90°. Accepting Bucher’s theory 
of their formation, cross ripples can form anywhere 
where conditions are favourable for the formation of 
simple ripple-mark; but Kindle’s theory demands very 
shallow water, and a barrier to set up the component 
systems. 

Method of Measurement. 

A very satisfactory and quick method of measurement 
of ripple-marks was suggested by Professor L. A. Cotton, 
M.A., D.Sc. 

An ordinary pantograph Was adapted (Fig. 1). The 
pantograph was attached by means of the screw “A” to 



Figure 1. 
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a light board. The board was of 3-ply wood, and in 
order to make it more convenient for carrying, it was 
out along a central line and hinged so that it could be 
folded into a convenient size. The usual tracer was 
replaced by a hard metal point “B,” which could be 
drawn over the surface of the rock. To obtain traces 
of the profiles of the ripple-marks, the board was held 
vertically at right angles to the direction of the crests 
of the ripples, the tracer was drawn over the rock 
surface, and the pencil “C” traced the profile of the 
rippled surface on paper pinned on the board. 

With the pantograph thus altered, only reduced 
drawings could be made. There was no necessity for 
varying the amount of reduction, so to facilitate com- 
parison of ripple forms, all the measurements were done 
to half -scale. 

The symmetry ot the profiles obtained is sufficient to 
show whether they are formed by wave action, water 
current, or air current. 

The directions of the ripple crests were measured by 
the compass of a clinometer rule. In the case of curved 
ripples, the direction tangential to the curves was read. 
The rule of the clinometer was used in measuring the 
wave length and amplitude of ripples in weathered 
exposures. 

wave length 

The ripple index, (the ratio ), was calcu- 

amplltude 

lated for all the measured ripple marks, and was useful 
in comparison of forms. 

Measurement of Ripple-marks In the Narrabeen Series. 

The headlands of the coast between Pelican Point (7 
miles north of The Entrance, Tuggerah) and Long Reef, 
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and also the coastal exposures between Garie and 
Stanwell Park, were examined for ripple-mark. 



Figure 2. — Locality Map. 
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The work will be dealt with in three sections: 

1. The area between Long Reef and Barrenjoey, 
being the type area for the Narrabeen beds. 

2. The northern area between Broken Bay and 
Pelican Point. 

2. The southern area between Garie and Stanwell 1 
Park. 

1. (a) General Geology of the Type Area. 

The rocks exposed in the cliff sections and rock plat- 
forms between Long Reef and Barrenjoey are upper 
Narrabeen beds, and are confined between the top choco- 
Jate shale horizon of the Narrabeen Series and the 
Hawkesbury sandstones. These beds comprise grey tuffs 
associated with the chocolate shales, overlain by rapidly 
alternating shales, sandstones, and intermediate types, 
these alternating beds being capped in some headlands 
by Hawkesbury sandstone. 

The Narrabeen Series in this area has suffered gentle 
folding. The section between Narrabeen Head and 
Barrenjoey is really an anticline, with the axis passing 
through or near Bungan Head in a general E W direction. 

The cliff section at Bungan Head shows chocolate* 
shale extending up the cliff face for approximately 
twenty feet. The rock platform at Mona Vale Head, 
south of Bungan Head, is of chocolate shale. The 
northern cliffs of this headland show chocolate shale to 
a height of about twelve feet; on the south side the top 
of the chocolate shale is a few feet above the platform 
level, and grey tuffs overlie the chocolate* shale. 

Newport Head, north of Bungan Head, has a chocolate 
shale platform, and thus corresponds to Mona Yale Head. 

Turrimetta Head, south of Mona Vale, has chocolate 
shales with associated grey tuffs on the platform on the 
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northern side, but these give place to interbedded sand- 
stone and shales on the southern side. This headland 
corresponds to Bilgola Head on the northern arm of the 
anticline. 

The southern platform at Bilgola Head is chocolate 
shale (rising slightly higher than at Newport) ; the 
northern platform is interbedded shales and sandstones. 

Narrabeen headland corresponds with the “Hole in the 
Wall” headland and South Head. 

1. (6) Measurement of Ripple-marks in the Type Area. 

Ripple-mark exposures were found in situ at Collaroy, 
Narrabeen Head, Turrimetta Head, “Hole in the Wall” 
Head, South Head, Little Head, and Barrenjoey. Over 
forty profiles altogether were taken of ripple-marks in 
this section, but over eighty different horizons were 
recorded and some measurements taken. 

Several small exposures of ripple-mark may Ik* seen at 
Collaroy. Those on the platform are preserved in a fine 
sandstone, and several horizons are ripple-marked. The 
wave length of these ripples averages one inch, and the 
directions vary. In the cliff section at the hydration anti- 
cline there are several small exposures in medium-grained 
sandstone. Their symmetry is definitely that of oscilla 
tion ripples. The wave length varied from 2- 3 inches, 
ripple index from 6-12, and the directions from N 20° W, 
to E-W. 

Narrabeen Head shows very many horizons of ripple- 
mark in the alternating shales and sandstones. The rock 
platform has four horizons in a vertical interval of four 
inches. An exposure at beach level, with an area of 42 
feet by 37*5 feet, shows eight different sets of ripples in 
only eight inches vertically. Various exposures of 
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ripple -mark are found in grey shales and fine sandstones 
in the cliff ledges. 

The directions range over a very wide angle, but in 
the cliff exposures there is a progressive change in a 
W-E direction from N 51° W to N 55° E. 

Three sets of cross ripples are present — one in the rock- 
platform and the others in the exposure at sand-level. 
The direction of the sharper component in one case is 
the same as that of the simple ripples two inches below, 
and in a second instance, the same as simple ripples on 
the same horizon. This appears to be in favour of 
Bucher’s theory that cross ripples are formed by one set 
of ripples interfering with a previously formed set, and 
not simultaneously by component current systems as 
su f?£ es t € d by Kindle. The directions of the stronger 
components are K 55° W, N 58° W, and N 32° W. 

The ripples at Narrabeen Head are all of the oscilla- 
tion type, with the exception of one set, which is asym- 
metric. The wave length averages 2*35 inches, with 
minimum and maximum limits of 1*7 inches and 3*4 
inches, and the ripple index varies between 9 and 15, 
the higher values generally obtaining for the finer sand- 
stones and shales. 

About one chain beyond Narrabeen Head, on Turri- 
metta beach, some grey sandstone ledges show ripple- 
marks of wave length 2 inches and 2*9 inches. Although 
these are separated by one foot vertically, they trend in 
the same direction, viz., E-W, indicating stable conditions 
of sedimentation between these two horizons. 

At the most southerly point on the Turrimetta Head 
platform cross ripples occur in a fine shaiy sandstone. 
The strongest set of ripples trend N 20° W, and have a 
wave length of 3*5 inches approximately. The weaker 
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ripples have a wave length of 4 to 4-5 inches. Both sets 
are wave formed. No other ripples observed on Turn- 
metta were in situ, but two boulders showed asymmetrical 
ripple-marks, both in shale, and having values of 15 and 
18 for the ripple index. The other ripples are all of the 
oscillation type, and one boulder with three layers of 
ripple-marks, shows a progressive change in direction. 
Two sets of ripples in sandstone have wave lengths of 
3*5 inches and 3*6 inches, which is much greater than 
the average of 2*28 inches. Many of the ripples are in 
close association with abundant fossil worm burrows. 

At the headland north of Mona Vale beach no ripples 
were found in situ, but several rippled boulders of sand- 
stone had fallen from above the chocolate shales which 
formed the platforms and the lower portion of the cliff. 
One was jjarticularly interesting in showing intimate 
association of ripple-marks with Phyllothcca. A stem 
of Phyllothcca, about five-eighths of an inch wide, has 
been preserved lying on the rippled surface, making an 
angle of almost ninety degrees with the . jpple crests. 
The wave length of the ripples is 1*5 inches, and the ampli- 
tude 0*15 inch, and the fact that the Phyllotheca stem 
has produced no noticeable distortion of the ripple forms, 
testifies to the flexibility of the plant stem. 

Oscillation ripples are found in grey shale and sand- 
stone boulders at Bungan Head. 

Ripple-marked boulders are present at Newport. The 
sandstones show ripple-mark of greater wave length than 
usual, ranging from 2*6 inches to a maximum of 4*5 
inches. A grey shale boulder, besides being rippled, 
contains abundant plant fossils (mainly Phyllotheca ), 
and also has worm-burrows on the' same surface as the 
ripples. 
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Prom south to north round Bilgola Head, the chocolate 
shales give place to line sandstones and sandy shales. It 
is in this horizon, on the northern platform, that abun* 
dant ripple-marks occur. The rocks are finely laminated, 
and in a vertical interval of only a few inches ripple- 
mark directions N 8° \Y, N 13° W, N 20° E, N 70° E, 
N 64° E, N 70° E, and N 75° E were measured. The 
wa\e length averages one inch, but reaches a maximum 
of two inches. 

Kipple exposures are tound in #iiu and in boulders at 
the “Hole in the Wall'* rock platform. Both simple and 
cross ripj)les occur. The best defined set in the cross 
ripples trends in a direction N 70° VV, the other set 
almost at right angles to this. The wave length of the 
ripples \ aides vetween 2 inches and 3*5 inches, and the 
direction between N 40° VV and N 40° E. 

The rock ledges at the base of the cliffs between South 
Head and the “Hole in the Wall" show an astonishing 
number of ripple-marked horizons. In a \ertical interval 
of three feet nine inches eighteen dillerent horizons were 
noted. The ripple marks occur in very rapidly alternating 
beds of very fine sandstone, sandy shales, or finer shales. 
Almost all the sandy material is rippled and the direc- 
tions are variable, although some ripples, trending E-W, 
are superimposed throughout a few inches. While the 
ripples vary greatly in size, they are all of the oscilla- 
tion type. It is in a sandstone boulder from here that 
the ripples occur which have the maximum wa\e length 
obsened, riar., 5*2 inches. 

The only other ripple-mark exposures in this section 
are two small isolated exposures. The first is in sand- 
stone which forms the headland south of Palm Beach. 
Indications of ripple-marks are seen in the cliff faces 
aboxo this sandstone. The second is at the eastern 
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point of Barren joey. The exposure is small, and in 
massive sandstone. Again, indications of ripple-marks 
can be seen in the sandy shales in the cliff face. 

2. (a) General Geology of the Northern Area . 

Between the Ilawkesbury River and Pelican Point we 
have the entire sequence of the Narrabeen Series from 
the Hawkesbury sandstones to the base, overlying con- 
glomerates at the top of the Kamilaroi system. 

The headlands between Terrigal and Killcare expose 
the same sequence as between Narrabeen and Barrenjoey. 
The general nature of the Killcare rocks is very similar 
to those at and near South Head. 

To the north, Wamberal headland gi\es the first 
exposure of the upper chocolate shales, which are asso 
ciatcd with grey tuffs and grey shales. 

The southern portion of Wyrrabalong rock-platform 
consists of a tine tuffaceous sandstone, greenish grey in 
colour. This is in part weathered brown, the resultant 
rock looking very like the chocolate shales but being more 
sandy in character. These beds, dipping S 21° W at 
about 5 C , are finely bedded, and form a very level plat- 
form, eroded edges showing at intervals. The chocolate 
shales outcrop at beach level and at the base of the cliff 
on the southern side of Wyrrabalong. The northerly 
cliff section of Wyrrabalong exposes a much greater thick- 
ness of chocolate shales. A rough estimate was made 
of one hundred feet of chocolate shales with subordinate 
greenish sandy tuff interbedded, these being overlain by 
approximately one hundred feet of a flaggy tuffaceous 
sandstone. The chocolate shales are covered with grass 
as is often the case with chocolate shale cliffs. 

There are two bands of chocolate shale exposed at 
Point Upright, one at reef-level, the other about nine feet 
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up the cliff, separated from the lower by tuffaceous sand- 
stone. 

The small headland north of Boat Harbour shows 
weathered exposures of chocolate shales. The lower 
shales are not typical chocolate shales, but their sandy 
nature is no doubt due to their being near the edge of 
the basin of deposition. They are associated with green 
tuff and one sedimentary type grades into the other. 
These are separated from the upper band by about 
twelve feet of sandstone. 

The most northerly coastal exposure of chocolate shales 
is found at Toowoon Bay, where a vertical thickness of 
ten feet was estimated. This is underlain by massive 
tuffaceous sandstone and conglomerate which lie near 
the base of the Narrabeen Series. 

The beds in the northern area have a general gentle 
southerly dip, and no definite folding is apparent. 

2. (b) Measurement of Ripple-marks in the Northern 

Area. 

The rock platform south of Killcare exposes shaly 
sandstones (purplish in colour), similar in appearance 
to those of Narrabeen Head. The alternating beds in 
the cliff section are capped by Hawkesbury sandstone. 
The platform has many ripple-mark exposures, but all 
are badly weathered, and only the crests remain in many 
cases. The wave length averages between 1 inch and 2 
inches, and direction readings are varied for the ripples 
at different horizons. One set of cross ripples has com- 
ponents N 10° W and N 78° E. 

The stretch of coast between Killcare and Mourawaring 
Point is inaccessible. 

Mourawaring Point shows numerous weathered ripples 
in the fine sediments exposed. The wave length of the 
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ripples averages 1*6 inches, few being only 1 inch, and 
others reaching a maximum of 2 inches. In a vertical 
interval of about four feet fairly good exposures were 
noted in sixteen different horizons, the directions varying 
between » 70° W and N 63° E. 

Tudibaring Head, north of Tudibaring beach, exposes 
more sandstone than the more southerly headlands, and 
in this the ripple-marks are more rare and very badly 
preserved. Only a few very poor exposures were observed, 
and directions noted were N7°E and N 85° E. 

Sandstones are again more prominent in the headland 
south of Avoca, and no ripple-marks were found in these. 

On the northern platform of the Skillion, Terrigal, a 
few exposures of ripple-marks occur. One set of mark- 
ings, having a wave length of 1*5 inches, and a direction 
of N 34° E, is persistent over two inches vertically, and 
in a slightly lower horizon other ripples occur trending 
N 40° E, indicating constant conditions of ripple forma- 
tion over a time sufficient for the consolidation of the 
lower ripples, and subsequent deposition of sediment. 

But it is on the southern side of the Skillion towards 
Kurrawyba Head, that some excellent exposures occur. 
Many of these are very well preserved. The average 
direction readings on twenty-five different exposures is 
N 30° E, the limiting readings being N 25° W and 
N 84° E. The average wave length is about 1 inch, and 
ripples were recorded from here with wave lengths of 
only 0*5 inch and 0*7 inch, each being in fine sediment. 
The component directions of a cross ripple exposure are 
N 15° E and N 62° W. 

Proceeding south from the Skillion the alternating 
shale and sandstone give way to more massive sandstone 
ledges which are practically free? of ripples, but those 
which do occur have a wave length of 3-3*3 inches. Also, 
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in this sandstone, interference ripple-marks of large size 
and irregular pattern can be seen . T bey are similar to 
those formed in water bodies under the influence of 
current action. 

Ripple-marks were not observed at Wamberal Point, 
but many were found on the rock platform at Wyrraba- 
long. Here greenish grey tuffs form the platform, and 
these are intimately associated with chocolate shales. On 
the platform are many exposures, but most of the plat 
form is covered with algae, leaving only a few rocks 
exposed. The directions are variable, mostly being 
between the limits N 35° W and N 24° E. The wave 
length averages one inch, and the limits observed were 
0*8 inch and 1*05 inches. 

The chocolate shale at Wyrrabalong is interbedded in 
narrow bands of eight inches or less with green tuffs. In 
several instances these interbedded tuffs are rippled. 
Specially interesting is a junction surface between tuff 
and chocolate shale, where the shale rests on the rippled 
tuff surface. 

Also, in this tuff are irregular interference ripples 
similar to those at Kurrawyba, and evidently due io 
some current or tidal action. Worm burrows and sun 
cracks are found in the tuff close by these ripples. 

Only two other exposures of ripple-marks are noted 
and these are on the small rock platform north of Boat 
Harbour. In some sandy chocolate shale some shallow 
ripple-marks of wave length 1*3 inches occur. These are 
particularly interesting in being the lowest observed in 
the series — being at the base of the lower chocolate shales. 

3. The Southern Section. 

The headland north of Garie Beach exposes the upper 
chocolate shale horizon, which has here a thickness of 
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about forty-live feet, overlain by alternating grey shales 
and sandstone. Below are shales and sandstones and 
about one hundred and fifty feet lower than the choco- 
late shales is a horizon of cupiferous basic tuff. 

Much of the coast is inaccessible south of Garie, with 
truncated headlands covered with vegetation and com- 
paratively few rock platforms. 

A little south of Otford rock platforms are developed, 
but there the rock formation is coarse sandstone and 
conglomerate, forming the lower beds of the Narrabeen 
Series. The upper chocolate shales are exposed at 
Otford, and the cliffs between here and Stanwell Park 
would, if not covered so heavily with vegetation, show 
the sequence between the top chocolate shales and the 
base of the Narrabeen Series. No detailed work could lx* 
done in this section. 

The rock platforms, being of coarse sediment, do not 
show any ripple mark. 

In fact, no ripple-marks were found by the writer, in 
the southern section of the Narrabeen Series, other than 
at Waterfall. The ripples here are expost d in the cliff 
section and on fallen boulders at the Lower Falls, two 
miles along the Lady Carrington Drive from Waterfall. 
Here, in the cliff face, Narrabeen grey shales with abun- 
dant Phyllotheca, and fine sandstones are exposed, over- 
lain by more massive coarse Hawkesbury sandstone. 
Boulders show weathered ripple-marks with a wave 
length of about one inch. Some grey shale shows ripple 
mark of wave length three inches. The ripples are sym- 
metrical and therefore wave formed ; and the upper ones 
are only fifteen inches below the Narrabeen-Hawkesbury 
junction. 

Reference has been made in N.S.W, Geol. Surv . Mem., 7, 
to ripple-marks in the Corrimal-Balgownie colliery, 
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formed in a horizon two feet six inches above the coal* 
and to a rippled horizon between Bellambi and Mount 
Keira. But “Palaeontological evidence available does not 
permit of a definite age being assigned to this horizon, 
and it may be either early Triassic or late Permo- 
Carboniferous. " 

Summary of Data Ar<jriKEi>. 

Prom information now available the facts may be 
listed as follows: 

1. Ripple-marks are developed in the Narrabeen beds 
at various levels in the series. 

2. The lowest ripple-marks noted are at the base 
of the chocolate shales, north of Boat Harbour. 
Only a few exposures were observed at, and near, 
this level. 

3. More numerous exposures were found in the tuffs 
associated with the chocolate shales, higher in 
the series, at Wyrrabalong. 

4. The ripples are best developed in the alternating 
shale and sandstone formation between the upper 
chocolate shales and the massive Hawkesbury 
sandstone. The individual beds vary from as 
little as J inch to several feet, many of the beds 
being 1 foot or less in thickness. One bed may 
grade into another, and they are not persistent. 
Apparently most of the individual beds are 
ripple-marked. 

5. From these facts one sees that the ripples are 
not confined to a narrow limit in the Narrabeen 
beds, but are developed over quite a large vertical 
range, from at least the base of the lower choco 
late shales (north of Bpat Harbour), to within 
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15 inches of the Hawkesbury sandstone (as seen 
at Waterfall). 
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6. The rippled beds extend from near Boat Harbour 
to Collaroy, a distance of about thirty miles 
along the coast. An isolated exposure of ripples 
was noted at Waterfall, twenty-four miles south 
of Sydney. 

7. From the profiles drawn, it is seen that the ripple- 
marks are all of the oscillation (wave) type, with 
the exceptions of one at Narrabeen, two at Turri- 
metta, and irregular interference ripples at 
Wyrrabalong and Kurrawyba. 

Generally, the rippled shales show a wave 
length of about two inches — they are shallow, the 
crests usually being well marked and angular. 
The ripple index is high, usually between 
14 and 20. 

The wave lengths of the ripples in the sandy 
sediments vary from 0-5 inch up to 5*2 inches 
as a maximum. The ripples of very small wave 
length 1 inch) were very rare. Only one 
specimen was seen with yipple-mark of wave 
length 5*2 inches, and only two specimens of wave 
length 4*5 inches. The majority of ripple-marks 
have a wave length between 1 and 3 inches. 

The ripple indices for the sandy shales and 
sandstones are usually lower than for the shales, 
having values near 10 or 12. 

8. The directions of trend of the ripple-marks, 
though apparently varied, are significant. This 
will be discussed later. 

9. Six exposures of cross ripples have been examined. 
The strongest sets trended in the following 
directions : N 55° W, N 58° W, N 32° XV (Narra- 
been), N 20° W (Turrimetta), N 70° W (Hole 
in the Wall). In the case of the cross ripples at 
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the Skillion, the two component directions 
seemed to be equally marked, and of these direc- 
tions one was N 62° W. 

10. (a) Ripple-marked beds are closely associated 
with sun-cracks at Collar oy, Narrabeen, Turri- 
metta, South Head, Kurrawyba Head, and 
Wyrrabalong. 

(ft) Horizons of worm burrows are found in 
layers interbedded with ripple-marked beds. In 
several rases worm burrows were found on the 
same surface as ripples, e.g., in grey shale at 
Newport, and sandstone at Kurrawyba Head. A 
specimen from Narrabeen Head shows vertical 
burrows cutting up through the ripples. 

(c) Shales with abundant plant remains are 
intimately associated with ripple-marks. A 
specimen from Mona Vale shows Phyllotheca on 
the same surface as ripple marks. 

Conclusions. 

The presence of oscillation ripple-marks necessitates 
a body of water free from current or tidal action. Such 
a body of water must be either a fresh water lake or a 
body of marine water cut off from tidal influence. The 
very close association of the ripple-marks with plant 
remains certainly indicates fresh water conditions. So 
one may conclude that the sediments were deposited in 
a fresh water lake. 

But there are some asymmetric ripples to account for. 
Kindle (4) (p. 12), quotes 6-3 and 4 as the ripple indices 
for two sets of water-current ripples in the St. Lawrence, 
and 24 and 25 as indices for wind-formed ripples at 
Wellington — “Thus showing an index number four to six 
times greater than that of the water-made ripple-marks.” 
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The indices (15, 18, 19) of the measured marks at 
Narrabeen and Turrimetta indicate wind agency. This 
is quite possible, for a shallow lake could easily be 
drained in part and wind ripples could then develop. 
Even if the inference from the ripple indices is not 
correct, and the ripples are water formed, there is no 
need to postulate other than lacustrine conditions. A 
local disturbance (e.g., a storm), or local features ( e.g 
a stream flowing into a lake), may produce local currents 
which may leave their record in fossil asymmetric ripple- 
marks. The irregular interference ripples at Wyrraba- 
long and Kurrawyba are undoubtedly water formed. 

The presence of ripple-marks at intervals between the 
lower and upper chocolate shale horizons indicates 
shallow water conditions of deposition at these intervals. 
Ripples were not noticed in these sufficient to establish a 
conclusion that there was continuous shallow water sedi- 
mentation, but it can be seen that even if such conditions 
were not continuous, there was repeated occurrence of 
shallow water conditions. The presence of ripple-marks 
in the tuffs interbedded with the chocolate shales would 
suggest shallow water deposition of the latter. 

The ripple-marks occur so abundantly in so many 
horizons in the upper Narrabeen beds between the upper 
chocolate shales and the Hawkesbury sandstones that 
it seems quite reasonable to assume shallow conditions 
during the whole period of accumulation of these alter- 
nating beds. 

From a number of observations Kindle (4) (p. 29) con- 
cluded that: 

(1) Ripple-marks with a wave length less than two 
inches formed only in water having a depth of less than 
one foot. 
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(2) Eipples of wave length between one and two 
inches were common in water six inches deep. 

(3) Ripples of wave length between three and a half 
inches and six inches formed in water of depth about 
ten feet. 

All the ripples of the Narrabeen Series, therefore, are 
likely to have formed in water the depth of which could 
vary between a few inches and about ten feet, although 
there is a possibility of some of the ripples having formed 
at a greater depth. 

The presence of sun-cracks and the wind-formed ripple- 
marks would indicate temporary exposure above water 
level at times. Worm burrows require shallow water, as 
do terrestrial plants. 

The Significance of the Dirt cl ions of the Hippie mark*. 

The directions of trend of the ripple marks are 
apparently varied, but on plotting them for the Type 
and Northern Areas separately definite groupings can be 
seen. The numbers of ripple directions clustering about 
the N S, NE-SW, E W, and SE NW lines, ■ espectively, 
were counted, reduced to percentages, and plotted as in 
Figs. 4 and 5. 

Similarly, a diagram (Fig. 4) was drawn showing 
quantitatively, in time, the wind directions at Sydney 
(Type Area), for the past twenty years. Winds from 
opposite points of the compass form symmetrical wave 
ripples trending in the one direction at right angles to 
the directions of the winds, e.g ., ripple marks trending 
N-S are formed by winds either from the east or west. 
Therefore the duration in hours of the winds from 
opposite points were added and plotted as a percentage 
of the total wind duration along the corresponding direc- 
tion for the ripples. A very striking similarity was 
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noticed between the ripple diagram and wind diagram 
for the Type Area. This suggests that the planetary 
wind systems of lower Triassic time were the same as 
those prevailing at the present time in this area. 




Fig. 4. — The diagram drawn with the heavy line is the ripple 
mark diagram for the Type Area. It is based on 66 
measured directions. The diagram drawn with the 
broken line is the wind diagram for the Type Area 
(Sydney), based on the records for the years 1911-1930. 

Fig. 5. — Ripple-mark diagram for the Northern Area, based on 
45 measured directions. 


The figure (Fig. 5) drawn for ripples in the Northern 
Area w’as of a different character, and unfortunately 
quantitative observations for the wind systems were not 
available for a comparison diagram. However, com- 
parison of general observations of the prevailing winds 
at Sydney and Newcastle shows a marked dissimilarity 
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in the summer winds. The area in question lies 
approximately half-way between Sydney and Newcastle. 
At Sydney the prevailing directions are east and north- 
east, while at Newcastle the south winds are pre- 
dominant. So, although from this diagram one has 
nothing to add in support of conclusions formed from 
the study of diagrams for the Type Area, the different 
nature of the ripple diagram cannot be taken as evidence 
against similar planetary wind systems. The difference 
could probably be explained by the change of wind 
systems with change of locality. 

From the conclusion that the planetary winds of early 
Triassic and the present time, are the same, one may 
deduce that the poles were in the same position then as 
now. Since the Type Area is in the anticyclone belt, a 
critical position, a movement of the pole of only a few 
degrees would probably result in a marked change of 
wind direction, as from the SE Trades to the Roaring 
Forties, or rice versa . This eliminates the possibility of 
any notable difference of the position of the pole in 
Triassic times. 

In the case of the cross ripples it is noticed that the 
directions of the strongest ripples are confined between 
N 20° W and N 70° W. The strongest ripples are formed 
by the strongest waves, usually, and the strength of the 
wave is influenced by the shape of the lake, or by the 
distance of fetch. It seems possible that these directions 
indicate the direction of greatest fetch, which would be 
between N 20° E and N 70° E. This would mean that 
the lake would be elongated in a NE-SW direction. 

Concluding, one may imagine the Triassic Norm been 
Lake as a shallow, subsiding, fresh water lake, probably 
elongated in a NE-SW direction. ' Surrounding it one 
would see areas of low relief from which the sediments 
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are brought down and deposited quietly in the lake, the 
prevailing calm being interrupted by local disturbances 
and ejections of tuffs, followed again by quiet sedimen- 
tation. 

Finally, the writer would like to thank those who have 
helped with this paper; particularly Professor L. A. 
Cotton, M.A., D.Se., for many helpful suggestions, and 
also Mr. I). J. Mares, of the Meteorological Bureau, 
Sydney, for making available wind data of Newcastle. 
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Fig 2 

Fig 1 — Ripple maiks on the platloim at Nanabeen Head 
Fig 2 — Bouldei showing two dnections of upple maiks, Bilgola 
Head 
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DERIVATIVES OF 2-PHENYL QUINOLINE. 
Part I. 

PREPARATION OF SOME “ATOPHANS" FROM 
VERATRIC ALDEHYDE. 

By Muriel Gertrude Holdsworth, m.Sc., 
and Francis Lions, b.Sc., Ph.D. 


(Read before the Royal Society of New South Wales, August 3, 193 2 ) 

Dobner's quinoline synthesis (cf. Berichte (1887), 20 , 
277) — condensation of an aromatic amine with pyruvic 
acid and an aldehyde to a cinchoninic acid — has 
frequently been used for the characterisation of 
aldehydes. The reaction is very general, but in par- 
ticular, Dbbner has shown that /3-naplithylamine 
exhibits a special facility for quinoline formation with 
any aldehyde (except a-hydroxy aldehydes) and any 
pyruvic acid (Berichte (1894), 27 , 2020), though 
Johnson and Adams ( J.A.C.S . (1923), 44 , 1571) have 
since shown the synthesis to be less general for aliphatic 
than for aromatic aldehydes. 

Apparently, up to the present, veratric aldehyde — 3 : 4- 
dimethoxybenzaldehyde — has not been used in syntheses 
of the Dobner type. It has now been shown that this 
aldehyde condenses quite readily with pyruvic acid and 
various aromatic amines in alcoholic solution to give the 
corresponding 2-veratryl cinchoninic acids. Thus- fi- 
naphthylamine added to a boiling alcoholic solution of 
veratric aldehyde and pyruvic acid rapidly condenses to 

I — August 3, 1912. 
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the ‘‘0-naphthocinchoninic acid, M 2-veratryl-5 : (>-l>enzo- 
quinoline-4-carboxylic acid (I). 



In the same way aniline gives 2-veratryl-quinoline4- 
carboxylic acid (11). which has also been obtained by 
l'titzinger's method — by condensation of acetoveratrone 
with isatic acid in strongly alkaline alcoholic solution. 



Condensation of veratric aldehyde and pyruvic acid 
with o-anisidine, m-anisidine, p-anisidine, m-aminophenol 
and p-aminophenol respectively leads to the formation of 
2 seratryl-S methoxy-quinoline-4-carboxylic acid (Til), 
2 veratrvl 7-methoxy-quinoline4-carboxylic acid (IV), 
2-veratryl-t>-methoxy -quinoline-4 carboxylic acid (V), 2- 
veratryl-7-hydroxy-quinoline 4-carboxylic acid (VI), and 
2-veratryl-<ehydroxy-quinolino4-c*irboxylic acid (VII), 
respectively; but no quinoline derivative was obtained 
from o-aiuinophcnot. 

Further, condensation of verutrie aldehyde with m- 
dimethylaminoaniline and pyruvic acid in alcoholic 
solution leads to formation of 2 veratryl- 7-dime thylamino- 
quinoline-4-carboxylic acid (VIII). 

If the aromatic amine used is m-phenylene diamine a 
double quinoline ring closure occurs and o; cd-diveratryl 
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plienanthroline-y : y^dicarboxylic acid (IX) is obtained 
in good yield. 



Experimental. 

2-Veratryl-5:6-benzoquinoline-4-carboxylic acid (I). 

A solution of /J-naplithylamine (5 g.) in alcohol (20 

cc.) was added gradually to a solution of verafric 
aldehyde (5 g.) and pyruvic acid (3 g.) in boiling 
alcohol (50 cc.). The jffuaphthociuchoninic acid came 
down almost immediately in pale yellow crystals. After 
heating on the water-bath for half an hour, the solution 
was cooled and filtered. The precipitated acid . was 
washed with alcohol and ether. Yield 10 grams. Re- 
crystallised from boiling alcohol it melted at 142-143° C. 
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(Found, C - 73*3, H = 5-4% ; calculated for C 22 H 17 0 4 N, 
C * 73*5, II = 4*8$. ) The substance is only sparingly 
soluble In all the usual organic solvents — as indeed are 
all the other “atophans” described below. 

2‘Veratryl-quinoline-4-carboxylic acid (II). 

(а) A solution of aniline (10*5 g.) in alcohol (50 cc.) 
was added gradually to a solution of veratric aldehyde 
(17 g.) and pyruvic acid (10 g.) in boiling alcohol (150 
cc.). After refluxing for two hours, most of the alcohol 
was removed, when the acid crystallised out. Yield 10*5 
grams (32% of theory). It was recrystallised from 
boiling alcohol in which it is only sparingly soluble and 
thus obtained in fine yellow needles melting at 235° C. 
(Found, C = 09*7, II = 51 % ; calculated for r is ll 16 0 4 >\ 
C « 69-9, II = 4-9%. ) 

(б) A solution i»f isatin (15 g.) in 30% alcoholic 
caustic potash (00 cc. ) with aeetoveratrone (15 g.) was 
refluxed for S hours. The alcohol was then removed and 
the product obtained by acidifying with dilute acetic 
acid. Yield 22 g. (85% of theory). Purified as before 
by recrystallisation from boiling alcohol, it melted at 
235 c C\, alone or mixed with a specimen obtained as 
above. 

2-Veratryl-8-methoxyquinoline-4«carboxylic acid (III). 

Obtained by refluxing a solution of o-anisidiue (3-5 g. ), 
veratric aldehyde (5 g. ) and pyruvic acid (3 g.) in alcohol 
(50 cc.) for some hours and then allowing to stand over- 
night. this cinchoninic acid came down as a pale yellow 
substance which melted at 110° C\ after recrystallising 
from alcohol. The yield (1 gram) was poor— as was to 
be expected (c/. Roberts and Turner, J.C.S. (1927), 1832- 
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1857). (Found, C * 66-9, H - 4-8% ; calculated for 
C 19 H 17 0 8 N, C = 07-2, IT = 5-0 7r-) 


2-Veratryl-7-methoxyquinoline-4-carboxylic acid (IV). 

This acid was obtained almost at once {yield 2*5 g.) 
from a boiling alcoholic solution of m-anisidine (1 g.), 
veratric aldehyde (5 g.) and pyruvic acid (3 g.). After 
recrystallisation from alcohol the flaky yellow crystals 
melted at 222° (\ (Found, C = 67*3, II 5*47 ; calcu- 
lated for C 19 H 17 () 5 N, C - 07*2, H - 5*0 %.) 

2-Veratryl-6-methoxyqulnoline-4-carboxyllc acid (V). 

After refluxing a solution of p-anisidine (3*5 g.), 

veratric aldehyde (5 g.) and pyruvic acid (3 g.) in 

alcohol (100 cc.) for three hours, the product (2 grams) 
crystallised on cooling. Recrystallised from alcohol it 
was obtained in flaky yellow platelets melting at 257° (\ 
(Found, C - 67*1, II = 5*57 ; calculated for F 19 H I7 O f) N, 
C = 67*2, H = 5 07 ) 

2-Veratryl-7-hydroxyquinoline-4-carboxylic acid (VI). 

This substance was precipitated as a yellow powder 
(3*5 g.) after heating a solution of m-aminophenol (1 g.), 
veratric aldehyde (5 g. ) and pyruvic acid (3 g.) in 

alcohol (150 cc.) for a few minutes. As it is insoluble in 
ordinary organic solvents it was purified by solution in 
concentrated potassium carbonate solution and treatment 
of this in the hot with animal charcoal, followed by flltra 
tion and acidification of the filtrate with acetic acid. 
After washing and drying the purified cinchoninic acid 
was found not to melt below 300°. (Found, (' = 66*3, 
n = 4*9 7 : calculated for r iN H Ifi () ri N, V ■= (ifl-4, II - 4-(>7.) 

2*Veratryl-6-hydroxyquinoline-4-carboxylic acid (VII). - 
Refluxing p-aminophenol (3 g.),* veratric aldehyde 

(5 g.) and pyruvic acid (3 g.) in alcohol (80 cc.) for a 
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Until a further supply of raw material arrives, it was 
thought advisable to report the results so far obtained, 
as these indicate that the structure of “Tasmanol” differs 
fundamentally from that suggested by Smith and 
Robinson. 

The material obtained during the present investiga- 
tion was found to be mostly soluble (75%) in sodium 
carbonate solution (0%), and of this portion 55% 
distilled over a range of 3°, under diminished pressure. 
Re-distillation yielded what appeared to be a pure sub- 
stance. It gave a pronounced red colour with alcoholic 
ferric chloride, was completely soluble in sodium car- 
bonate solution, and in the other alkalis, liberated methyl 
iodide with hydriodic acid, decolorised bromine water, 
and appeared to be an acid, as the derivative, obtained 
by treating it with methyl alcohol and hydrochloric acid 
gas, was readily hydrolysed by aqueous potassium 
hydroxide (20^). Analyses showed it to have the con- 
stitution r i:i II 22 <> 3 , whilst a crystalline p-toluidide and a 
silver salt were obtained, but unfortunately in an insuf- 
ficient quantity for analysis. 

J Examination of a small specimen of “Tasinanol," of 
unknown origin, prepared by the late 11. (t. Smith showed 
it to be completely soluble in sodium carbonate solution 
(Smith and Robinson, reporting “Tasmanor* as “partly 
soluble"), to decolorise bromine water, and that it could 
be esteritied with methyl alcoholic hydrochloric acid, and 
the ester hydrolysed, although no crystalline p-toluidide 
or silver salt could be obtained. 

Thus, although definite conclusions cannot be arrived 
at, at this stage, it seems that “Tasmanol” ig an acid 
rather than the phenol suggested by Smith and Robinson. 
The red colour obtained with alcoholic ferric chloride 
would then be due to the formation of a coloured ferric 
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salt. A skeleton is suggested for the substance obtained 
in the present investigation in which a cyclohexene (or 
bridged cyclohexene) residue has attached to it a methyl 
ether grouping, and a carboxyl grouping (perhaps in an 
aliphatic side-chain), viz., C fl (C 8 .H 18 ) (O.CH 8 ) (COOH). 

Experimental. 

Alkali soluble oil obtained from 50 Kg. E . Risdoni 
leaves: 10 g. (containing a little benzene). 

Soluble in sodium carbonate solution (6%):4*5 g. 

Red with FeCl s 

Insoluble in sodium carbonate solution (6%):1*5 g. 

Crimson with FeCl 3 

Distillation of Soluble Fraction. 


1. B.p. 110-113° at 0-5 mm 2-5 g. 

2. B.p. 115-125° at 0*5 mm 1-0 g. . 

3. Residue 1'0 g- 

Fraction 1 Redistilled. 

а. B.p. 80-105° at 0*5 mm 0*25 g. 

б. B.p. 107-9° at 0*5 mm 2*25 g. 


Analysis (Fraction 1, b). 

0*0786 g. gave 0*1988 g. C0 2 and 0*0685 g. H z O 
0*0769 g. gave 0*1960 g. C0 2 and 0*0680 g. H z O 
C : 69*0, 69*4% 

H : 9*69, 9*83% 

Calculated for C 18 H 22 0 3 : C : 69*00% 

H : 9*71% 

Demethylation. — “TaBmanol” (from E. Risdoni) 
(0*3 g.) was treated with hydriodic acid (constant 
boiling; 10 cc.), the mixture being refluxed for 3 hours. 

K- 7 -September 7, 1932. 
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Methyl iodide was evolved, as evidenced by the precipite- 
tion of silver iodide from alcoholic silver nitrate solution . 
Water was added to the residue which was then extracted 
with ether . On removing the ether, a small quantity of 
oil was obtained which gave a pronounced red colour 
with alcoholic ferric chloride. 

M ethylation. — “Tasmanol” (0*25 g.) was dissolved in 
methyl alcohol (10 cc.), saturated with hydrogen 
chloride, and refluxed for 1 hour. Water and ether were 
added, the ethereal extract being washed with 5% 
sodium carbonate solution. The ethereal extract on 
evaporation yielded an oil (0-2 g.) which gave no colour 
with ferric chloride and was insoluble in sodium 
hydroxide solution in the cold. “Tasmanol” recovered: 

0 05 g. 

Hydrolysis. — The inethylation product (0-2 g.) was 
refluxed for 2 hours with 20% aqueous potassium 
hydroxide (10 cc.). The product was then washed with 
ether, acidified and extracted with ether. Yield: 0-2 g. 

It gave a red colour with ferric chloride. 

p Toluidide. — “Tasmanol” (0*1 g.) was treated with 
thionyl chloride (0*5 cc.), excess of the latter removed 
and the residue taken up in ether and treated with 
excess p-toluidine in ether. The ethereal solution was 
then washed with dilute hydrochloric acid and water and 
the ether removed. The crystalline product thus obtained 
was purified by recrystallisation from petroleum ether. 
Yield: 0*04 g. M.p. 88-9° (constant). 

Silver Salt . — “Tasmanol” (0*1 g.) was dissolved in the 
minimum amount of ammonia (0*5%) and excess silver 
nitrate solution added. A copious white micro crystal- 
line precipitate of the silver salt was obtained. Yield: 

0*1 g. The salt may be recrystallised from water in 
which it is only sparingly soluble. 
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“Tasmmol.” 

(Prepared by the late H. G. Smith.) 

The specimen was purified by distillation, B.p. 115-122° 
(1*4 mm.). It was completely soluble in sodium car- 
bonate solution, and gave a pronounced red colour with 
ferric chloride. 

p-Toluidide. — 0*5 g., treated with thionyl chloride and 
then with p-toluidine in the usual way gave a product 
which was mainly oily, although it appeared to contain 
some crystalline material. 

Silver Salt . — On treatment of a solution of the 
ammonium salt with silver nitrate solution, no precipi- 
tate of the silver salt could be obtained. 

M ethylation. — 0*3 g., dissolved in methyl alcohol 
(10 cc.) was refluxed for 45 minutes with the addition 
of 2 drops of pure sulphuric acid. Water and ether were 
added and the ethereal extract washed with sodium 
carbonate solution. Yield: 0-2 g. No colour with ferric 
chloride. Unchanged acid : 0*1 g. 

Hydrolysis . — The above methylation product (0*2 g.) 
was refluxed for 2 hours with 10 cc. of 20% aqueous 
potassium hydroxide. The solution was then washed 
with ether, acidified and extracted with ether. Yield: 
0-2 g. Red colour with ferric chloride. 

We desire to thank Mr. J. McLeod of the University of 
Tasmania for his generous co-operation in obtaining 
supplies of raw material. 

One of us (D.E.W.) is indebted to the Senate of the 

University of Sydney for a Science Research Scholarship, 

which enabled him to take part in this investigation. - 

♦ 

Department of Organic Chemistry, 

University of Sydney. 
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THE CHEMISTRY OF THE CONSTITUENTS OF 
THE WOOD-OIL OF THE “CALLITRIS” PINES. 

Part I. 

THE CONSTITUTION OF “CALLITROL.” 

By Y. M. Trikojus, b.Sc., D.Bhil., 
and D. E. White, m.Sc., 


( Read before the Royal Society of New Smith Wales, Sept. 1, 1982.) 


The Callitris is the typical native pine of Australia, 
its distribution, in fact, extending over the whole conti- 
nent In New South Wales the predominant species is 
Callitris glauca, which grows in the valleys and on the 
plains, while C. calcarata is restricted to the hilly areas. 
Seven other species also occur but are not nearly so 
widespread. Several more species occur in West 
Australia and Tasmania, while C. intratropica is the 
predominant type in Northern Australia. 

Although systematic work, founded on the morpho- 
logical characters, was undertaken by the early 
botanists, the genus was much more fully investigated 
by R. T. Baker and H. G. Smith, who in their work, ( 'A 
Research on the Pines of Australia” (Sydney, 1910), 
published details of the histology, physiology, phylogeny, 
embryology and chemistry of the genus. 

In the chemical section they investigated^ the oils 
obtained by steam distillation of the leaves and of the 
wood. In the leaf-oils they found pinene, dextro- and 
lsevo-limonene, dextro-borneol and borayl acetate, 



THE WOOD-OIL OP THE CALLITRIS PINES. 285 

geraniol and geranyl acetate. These were generally 
present, but varied in amount in the different species in 
such a manner that the species could be identified by 
the composition of the leaf-oil. 

It has long been known that the wood of the cypress 
pine is one of the very few timbers which shows immunity 
to termite attack ( cf . Baker and Smith, loc. cit.; Oshima, 
Philippine Journ. Science , 1919, 25 , 319). The wood 
examined by Baker and Smith, from a chemical view T - 
point, was chiefly that of C. glauca . Steam distillation 
of the wood, cut into shavings, gave 0*82% of oil after 
8 to 9 hours. From this, there were isolated the sesqui- 
terpene alcohol guajol, a probable sesquiterpene and a 
phenol to which they gave the name “Callitrol.” To 
the presence of the latter substance were ascribed the 
characteristic odour of the timber, and its property as a 
white-ant deterrent. Oshima, however, regarded the anti- 
termitic properties as due to the presence of guajol. 

The whole question was re-opened by the Forest 
Products Division of the Council for Scientific Industrial 
Research, and it is in collaboration with them that the 
chemistry of the constituents was undertaken in these 
laboratories. 

Preliminary experiments ( J . Council Sci . and Ind . 
Researchy 2, 178), having indicated that the alkali 
soluble extract from the wood-oil, rather than the guajol, 
was the material responsible for the resistance of the 
timber to fungi (e.g., Fomes annosus ), and termite 
attack, it was therefore highly desirable that the consti- 
tution of this material should be investigated, with the 
added object of studying the types of substances which 
act as termite deterrents. 

Shavings of logs of C. glauca used in the present 
investigation were steam-distilled, as described in the 
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experimental part, and the oil bo obtained extracted 
with sodium hydroxide. The major part of the alkali- 
soluble portion distilled over a small range, and consisted 
apparently of a chemical individual — “Callitrol.” Re- 
distillation gave a product completely soluble in aqueous 
solutions of sodium carbonate and bi-carbonate, and when 
submitted to the following tests, as suggested by Baker 
and Smith, gave negative results in each case: 

1. With bromine in alcohol. Purple colour on evaporating 

the alcohol. 

2. With bromine in acetic acid. Red colour changing to purple 

and indigo-blue. 

Destroyed by water. 

3. With sulphuric acid in acetic Red colour changing to deep 

acid. purple. 

4. With sulphuric and nitric Colour changes from red to 

acids in acetic acid. purple but more rapidly. 

The crude alkali-soluble oil gave the characteristic test 
described by Baker and Smith : “A drop of the oil on a 
watch glass is dissolved in acetic acid, and bromine 
vapour passed over it. A purple colour forms, soon 
becoming a rich purple.’' This, however, was found to 
be due, not to the main constituent of the alkali -soluble 
oil, but to a substance contained in a small fraction 
(11%) of higher boiling point. It may also be noted 
that the characteristic odour of the cypress pine is not 
due to “Callitrol,” which, in the pure state, is almost 
odourless. Toxicity tests carried out on the carefully 
purified “Callitrol” used in the present investigation 
showed it to be the active principle in the alkali-soluble 
portion of the wood-oil. “Callitrol” was found to be 
optically active ([a] D 84 ° - - 6-60°), and soluble in the 
usual alkalis! with the exception of ammonia, although a 
crystalline substance, which liberated ammonia on 
exposure to the v air, was obtained by passing dry 
ammonia gas into the petroleum ether solution. It gave 
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a faint red colour with alcoholic ferric chloride solution, 
and decolorised bromine water. Treatment with di- 
methyl sulphate and sodium hydroxide gave a methyl 
derivative which, however, was readily hydrolysed on 
refluxing with potassium hydroxide solution, the original 
“Callitrol” being recovered. 

This seemed to indicate that “Callitrol” was not a 
phenol, and this was supported by analyses for carbon 
and hydrogen in conjunction with molecular weight 
determinations made on the methyl derivative. These 
indicated the formula C 10 H 18 O 2 for “Callitrol,” and 
C^H^O* for the methyl derivative. The molecular 
weight of the “Callitrol” could not be accepted, the high 
values obtained increasing with the concentration, thus 
indicating that the substance was associated in solution. 
On reduction in ethyl acetate solution, in the presence 
of platinum oxide, two atoms of hydrogen were added, 
a colourless oil “Dihydrocallitrol” being obtained in 
quantitative yield. This substance was fully saturated, 
thus indicating an open chain structure for “Callitrol.” 
“Dihydrocallitrol,” like “Callitrol,” was soluble in alkalis, 
and yielded a methyl derivative, which could be readily 
hydrolysed. 

From the above results it seemed practically certain 
that “Callitrol” was an open chain acid containing one 
double bond. Further confirmation was obtained by the 
preparation of a, crystalline silver salt, and also an acid 
chloride, by the action of thionyl chloride, from which 
was obtained a crystalline anilide. The amide and p- 
toluidide were obtained in a similar manner, together 
with the amide and anilide of the dihydro derivative. 
“Dihydrocallitrol” also yielded an anhydride on treat- 
ment with acetyl chloride at 120-180°. 
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By comparison of the properties of these derivatives 
of “DihydrocallitroP with those of the known acids 
C 10 H 20 O 2 it appeared certain that it was identical with 
dihydro-citronellic acid, the amide and anilide having 
similar melting points to those described, while the refrac- 
tive indices of the acids were also in agreement. 

In the case of the unreduced, citronellic acid, the only 
derivative described in the literature is the amide, and, 
although its melting point agrees with that of the amide 
of “Callitrol,” this was not considered sufficient identifi- 
cation; in fact, there is only a very meagre literature 
devoted to the decenoic acids. It was, therefore, desir- 
able to obtain some citronellic acid for comparison, and 
as neither f-citronellal nor the lsevo-acid was available, 
the dextro-acid was prepared from d-citronellal, as out- 
lined in the experimental part. The acid obtained in 
this way was then converted into the acid chloride with 
thionyl chloride, and this on treatment with aniline and 
p-toluidine in ether gave the anilide and p-toluidide, 
respectively. These were found to have melting points 
identical with the corresponding derivatives of 
“Callitrol.” Mixtures of the anilides, etc., of the dextro 
and lrevo acids, however, showed a depression of melting 
point, but this is quite normal when no true racemate is 
formed. 

Finally, distillation of the calcium salt of “CallitroF 
with calcium formate gave a small yield of an aldehyde, 
which on conversion into the corresponding “atophan” 
had a melting point identical with that obtained from 
d-citronellal. 

Thus, the main constituent of the alkali-soluble frac- 
tion from the wood of the Callitris pines is not a phenol, 
but l-citronellic acid (t.e., (CH 8 ) 2 C: CH.CH 2 .CH 2 . 

CHCH3.CHj.COOH). This appears to be the first record 
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of the occurrence of the ltevo-form in nature. Realising 
the significance of these results, the synthesis and examin- 
ation of a series of decenoic acids have been carried out, 
and in addition the dihydrocitronelloyl residue has been 
introduced into a number of phenols in the hope of 
securing valuable physiologically active substances. The 
outcome of these experiments, together with those on the 
constitutional study of guajol, will be shortly submitted 
for publication. 

It is interesting to observe that experiments kindly 
carried out by Mr. Dadswell of the Forests Products 
Division of the Council for Scientific and Industrial 
Research, on carefully purified specimens, showed that 
while Z-citronellic acid is completely toxic to the wood- 
destroying fungus (Fomes annosus) at a concentration of 
0*016%, the dextro acid is slightly less toxic, while l- 
dihydrocitronellic acid manifests a similar toxicity to 
the unreduced acid. 

Experimental. 

The wood, after removal of the bark, was cut into 
shavings, distilled with a rapid current of steam, and 
the condensed vapours submitted to an automatic four- 
fold extraction with benzene. The following are the 
results from a typical distillation (from 33-95 kg.) : 


First day (5 hours) 210 g. 

Second day (6 hours) 95 g. 

Third day (5 hours) 84 g. 


889 g. 

The oil was not completely free from benzene. 

Alkali Extraction . — This was carried out by shaking 
the oil for some hours in contact with aqueous sodium 
hydroxide (5%). Ether was then added and the two 
layers separated. The ethereal layer was then extracted 
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several times with godium hydroxide solution (5%), the 
alkaline extracts combined, washed with a little ether, 
and then acidified, after which the alkali soluble oil was 
extracted with ether. 

Alkali- 

Soluble .. .. 118 g. .. 54% 

Insoluble . . . . 101 g. . . 46% 

219 g. 


This corresponds to a 0-63% yield of crude oil. 
Fractionation . — The alkali soluble portion (118 g.) was 
distilled under reduced pressure and the following frac- 
tions collected: 


1 . 

B.p. -121 at 

0*7 mm.: 

6g. 


5% 

2. 

B.p. 118-120°, at 

0*55 mm.: 

82 g. 


70% 

3. 

B.p. 120-136°, at 

0*65 mm.: 

5g. 

, , 

4% 

4. 

Residue. 


20 g. 


18% 

Re-Distillation of Fraction (2). 




2. 

(a) B.p. -114° 

at 0*4 mm. 

: 2 

g. 


2. 

(6) B.p. 116 -7° 

at 0*5 mm. 

: 27 

g. 


2. 

( c ) B.p. 116-5-8° 

at 0-5 mm. 

: 50 

g. 



Residue. 8*5 g. 


Action of Bromine Vapour . — The following results were 
obtained when the various fractions were submitted to 
the “characteristic” test for “Callitrol” described by 
Baker and Smith and mentioned previously: 


Alkali Soluble 
(Positive) 

Crude Oil 
(Positive) 


1. Negative. 

2. Positive. - 

3. Strongly 

Positive. 

Res. Negative. 


c. Negative. 
&. Negative, 
c. Negative. 
Res. Positive. 


Alkali Insoluble 
(Negative) 
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This table shows conclusively that the substance respon- 
sible for this colour reaction is contained exclusively in 
the small fraction boiling at a higher temperature than 
the main bulk, and totalling only 11% of the alkali 
soluble oil. Even then it is certain that this fraction is 
by no means pure, so that the amount of the substance 
causing the colour must be very small. 

Fraction 2 (c) was redistilled, when it was found to 
have the following properties: B.p., 117-9°, at 0*6 mm. 
Refractive index at 24° : 14563. S.G. (25°/25°), 0*9274. 
a (24°; in 5 cm. tube) :-2*81°, i.e., [a] D 2 *°:-6*60°. The 
substance was completely soluble in sodium carbonate 
and bicarbonate and calcium hydroxide solutions. On 
passing dry ammonia gas into the petroleum ether solu- 
tion a crystalline precipitate was obtained which liberated 
ammonia when removed from the solvent. (Found: 
C, 70*4, 69*9; H, 10*3, 10*2, O 10 H 18 O 2 requires C, 70*6; H, 
10 * 6 %). 

Molecular Weight : 

In 1-286% benzene solution M.W. 292-1 
„ 1-924% „ „ M.W. 302-6 

„ 2-390% „ M.W. 317*2 

Calculated for C 10 H 18 O 2 , 170. These results indicated 
that association had occurred. 

Methylation of “C allitroV’. — “Callitrol” (7g.) was dis- 
solved in aqueous sodium hydroxide (20%; 50 cc.), and 
treated with dimethyl sulphate (20 cc.). The resulting 
insoluble oil was extracted with ether, the extract washed 
with sodium hydroxide solution, and then with water, 
dried, the ether removed and the product distilled. 

Yield: 6g. B.p. 86°, at 1*1 mm. (Found: C, 71*5, 
71*4; H, 10*5; 10*9. C n H 20 O 2 requires C, 71*7; H, 10*9%.) 

Molecular Weight in Benzene: 

In 0*827% benzene solution M.W. = 181*7 
„ 1*031% „ ft M.W. = 182*2 

C u H 20 O 2 requires 184. 
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Hydrolysis. — The methyl derivative was refluxed with 
aqueous potassium hydroxide (6 g. in water, 100 cc.) for 
one hour. The oil was then completely dissolved, and 
after cooling and washing with ether, the alkaline solu- 
tion was acidified with dilute hydrochloric acid and 
extracted with ether. The ethereal extract was washed 
with water, dried, and after removal of the ether, 
distilled. 

Yield: 3 g. B.p. 120-1°, at 0-8 mm. (This is in very 
good agreement with that of the original “Callitrol.”) 

Reaction tcith Bromine . — As “Callitrol” had been 
observed to be unsaturated it was titrated with bromine 
in chloroform in an attempt to ascertain the number of 
double bonds present in the molecule. The bromine solu- 
tion (0 03932 g. bromine per cc.) was run into a solution 
of “Callitrol” in chloroform cooled to 0°, until the colour 
of the bromine just persisted. 

The chloroform solution w T as then shaken with water 
and the hydrobromic acid solution so obtained titrated 
with standard sodium hydroxide solution. 

1. 0*2290 g. “Callitrol” absorbed 7*5 cc. bromine 

solution, and gave 0*06537 g. hydrogen 
bromide. 

2. 0*3537 g. “Callitrol” absorbed 11*3 cc. bromine 

solution, and gave 0*0998 g. hydrogen bromide. 

Thus 1 molecule absorbed 2*7 atoms of bromine and 
0*6 molecule of hydrogen bromide were liberated. 

From this it appears that there is one double bond in 
the molecule, but one atom of hydrogen is also being 
substituted with bromine. 

Reduction of “ Callitrol “ Dihydrocallitrol ” 

“Callitrol” was reduced, catalytically, in several 
solvents, with the following results : 



THE WOOD-OIL OF THE CALLITRIS PINES. 293 

1. In Glacial Acetic Acid.— “Callitrol” (5 g.) was dis- 
solved in glacial acetic acid (50 cc.) and platinic oxide 
(0*35 g.) added. The mixture was then shaken with 
hydrogen, when the oxide was very quickly reduced, the 
absorption of hydrogen being complete in 2£ hours, when 
835 cc. had been absorbed. The platinum was then 
removed by filtration and the acetic acid distilled from 
the water bath at 25 mm. The product was then distilled. 

Yield: 4 g. B.p. 113-5°, at 0-55 mm. Refractive index: 
1*4365 (24°). Optical rotation: -2*0° (at 23*5° in a 5 cm. 
tube). “Dihydroaallitrol” was completely soluble in 
sodium carbonate and bicarbonate solutions. 

2. In Absolute Alcohol. — “Callitrol” (25 g.) was dis- 
solved in absolute ethyl alcohol (120 cc.) and platinic 
oxide (1 g.) added. The mixture was then shaken with 
hydrogen till absorption was complete. Hydrogen 
absorbed: 4030 cc., i.e., one molecule. The platinum was 
then removed by filtration and the alcohol evaporated. 
The product was then distilled. Yield : 20 g. B.p. 114-6°, 
at 0*62 mm. 

3. In Ethyl Acetate. — “Callitrol” (15 g.) was dissolved 

in ethyl acetate (75 cc.) and platinic oxide (1*0 g.) 
added. The mixture was then shaken in an atmosphere 
of hydrogen until absorption was complete (2560 cc. 
absorbed). The platinum was then removed by filtra- 
tion and the ethyl acetate evaporated. The product was 
then distilled. Yield: 13*5 g. B.p. 114-5°, at 0*7 mm. 
Refractive index: 1*4370 (23°). Optical rotation: 

-1*91° (at 22° in a 5 cm. tube). This was the most satis- 
factory of the methods of reduction tried, the platinum 
coagulating easily when the reaction was complete and 
the solvent being easily removed on the water bath* 
(Found: C, 69*8, 70*3%; H, 11*4, 11*7. C 10 H ao O a requires 
C, 69*8; H, 11*6%.) 
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Anhydride . — “Dihydrocallitrol” (5 g.) was heated in a 
small flask with reflux condenser to 128°. Acetyl 
chloride (2*5 g.) was then dropped in slowly, the tem- 
perature being allowed to rise during 30 minutes to 180°. 
The product was then distilled. The fraction (b.p. 154-6° 
(0*9 mm.) ; 2*5 g.) was insoluble in aqueous sodium 
carbonate solution even on long standing. On warming 
on the water-bath with aniline it rapidly yielded the 
anilide, m.p. 91-2°, unaffected by admixture with the 
product obtained from the acid chloride. 

Aldehyde from “Callitrol”—' ‘Callitrol” (17 g.), quick- 
lime (2-8 g.), and calcium formate (6-5 g.) were mixed 
with a little alcohol and the mixture evaporated on the 
water bath to dryness. The product was finely 
powdered, mixed with an equal weight of purified sand, 
and distilled from a copper retort. The distillate (8 g.) 
was dried and fractionated, the fraction (b.p. 103-8° (27 
mm.) ; 1*0 g.), was taken up in ether, washed with sodium 
carbonate solution, and redistilled. Neither the semi- 
carbazone nor the 2 : 4-dinitro phenylhydrazone could be 
obtained crystalline, but the atophan was obtained by 
the action of 0-naphthylamine and pyruvic acid in 
alcohol. This melted at 249° after purification from 
ethyl alcohol. The atophan obtained similarly from 
d-citronellal melted at 249°. 

d-Citronellic Acid.—(cf. Semmler, Ber., 1891, 24 , 208; 
Ber., 1893, 26 , 2255) . It was found preferable to prepare 
the acid from d-citronellonitrile, than by oxidation of 
d-citronellal with ammoniacal silver oxide. Full experi- 
mental details are not available in the literature, and 
the following are therefore submitted : drCitronelUd 
(154 g.), was dissolved in ethyl alcohol (200 cc.) and a 
solution of hydroxylamine hydrochloride (70 g.) in water 
(100 cc.) added. This was then treated with sodium 
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hydroxide (40 g.) in water (100 cc.) with vigorous 
stirring and the whole warmed on the water bath for 
30 minntes. Water (300 cc.) was then added, the oil 
extracted with ether, and fractionated. The fraction 
(b.p. 143-8° (22 mm.) ; 71 g.) consisted of the oxime, a 
large proportion of the unconverted citronellal being 
recovered. 

Nitrile . — The oxime (70 g.) and acetic anhydride 
(140 g.) were refluxed in an oil bath at 160° for two 
hours, and the product distilled. The fraction (b.p. 
115-20° (23 mm.) ; 44 g.) consisted of the nitrile. The 
nitrile (10 g.) was heated under reflux with ethyl 
alcoholic potassium hydroxide (15 g. in 50 cc.) for 15 
hours, when the evolution of ammonia was complete. 
The product was treated with steam to remove alcohol, 
unchanged nitrile and amide, washed with ether, acidified, 
and extracted with ether, and distilled. The fraction 
(b.p. 118-118*5° (0*55 mm.); 6*5 g.), had the following 
properties: a D (5 cm. tube) ; -2*80*7 refractive index: 
1*4561 (21*5°). These physical properties are in remark- 
ably good agreement with those of “Callitrol.” 

d-Citronellanilide . — This was prepared in the usual way 
via the acid chloride. It separated from aqueous methyl 
alcohol or petroleum ether in colourless needles, m.p. 
75-6°. 

A mixture with an equal weight of the anilide of 
“Callitrol,” crystallised together from aqueous methyl 
alcohol, melted at 51-2°. (Found: N, 5*6, 5*7. C 16 H M ON 
requires N, 5*7%. ) 

ddtronell p Toluidide . — Prepared in the usual way, 
this separated from aqueous methyl alcohol in colourless 
elongated prisms, m.p. 93-4°. (Found:* N, 5*3, 5*4. 
C 1T H M ON requires N, 5*4%. ) 

L — September 7. 1982. 



Comparison of the Properties of “Callitrol” and (I-Citronellic Acid. 
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THE SYNTHESIS OF BASES ALLIED TO CONIINE. 
Part 1. 

THE PREPARATION AND PYROLYSIS OF THE 
ALLYL ETHERS OF N-HETEROCYCLIC ENOLS. 

By Burnett Mander- Jones, M.Sc., 
and V. M. Trikojus, b.Sc., D.Phii. 

(Read before the Royal Society of New South Wales, Sept. 7, 1938 ) 


Coniine and its congeners (e.g., I, II, III, IV), are 
among the simplest of the vegetable alkaloids, consisting 
essentially of a propyl-piperidine nucleus. The synthesis 
of d coniine is one of the classics of synthetic organic 
chemistry. Although preparations containing these 
alkaloids have now disappeared from the British 
Pharmacopoeia, it was considered interesting to associate 
the synthesis and physiological examination of allied 
substances, with a study of the Claisen “shift” of the 
allyl group in the case of the ally 1-ethers of N-hetero- 
cyclic enols. 


r r r r r r 

CM, CHCM. LK CM CM CM, C MC*®m C H, /H CH t 

V U; V s’-. V A V a, 


1. Conilnt. U.jS-Conieltne. 111. ConhTdrln* IV.^-Conhydrtn*. 
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For example, formation of the allyl ether of 4* 
oxypyridine (V), might, on rearrangement, yield 3-allyl- 
4-oxypyridine (VI) which by reduction would lead 
conveniently to 3-propyl-4-piperidol (VII). 



H 


In general, a-p unsaturated ethers of the type, 
R-O-OC — , rearrange on heating, the group R passing 
to the /3-carbon atom, particularly where R is the allyl 
group. This latter case has been extensively studied by 
Claisen and collaborators (Ann., 1913, 401 , 21, et seq.), 
Hurd, and others (see Hurd, “The Pyrolysis of Carbon 
Compounds,” A.C.S. Monograph, No. 50, 1929, Chapter 8). 
In the case of phenyl-allyl ethers, the allyl group 
migrates, on pyrolysis, to the ortho position and, if this 
be occupied, to the para position relative to the hydroxyl 
group. The inability of the saturated alkyl-aryl ethers 
to pyrolyse in this manner is attributed by Hurd (loo. cit., 
p. 206) to the greater electropositivity of the allyl and 
related groups in which a-fi unsaturation, relative to 
the ether linkage, is present. 

o- and y-Oxypyridines and quinolines show a marked 
tendency towards tautomerism to the oxo-form. Whether 
the pyridine-pyridone tautomeric change forms a true 
example of keto-enol tautomerism is debatable. Accord- 
ing to Arndt and Kalischek ( Ber ., 1930, 63 , 587, 2963) 
the relationship is best represented by the oxy-formula 
(VIII), and “Zwitterionic” formula (IX), O, and N 
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derivatives being analogously formulated. This betaine- 
formula (IX) appears to be the more stable conflgura- 


OH O 



M 


wn. u. 

tion, and numerous examples are recorded of the migra- 
tion of the group R in N-heterocyclic enolic derivatives 
during pyrolysis. Thus Stolz, (D.R.P., 95603; C.1898, 
1, 812) records the conversion of l-phenyl-3-methyl-5- 
ethoxy pyrazole into the corresponding 2-ethyl pyrazo- 
lone; 4-methoxyquinoline yields N-methyl-4-quinolone 
between 300-310° (Meyer, M., 1906, 27 , 255); 4- 
methoxy quinaldine rearranges similarly (Conrad and 
Limpach, Ber., 1887, 20 , 947) ; and 4-methoxy pyridine 
gives the analogous pyridone on heating above its boiling 
point (Haitinger and Lieben, Ber., 1885, 18, 929). R&th 
(Aim., 1931, 484 , 452) records his inability to convert 
2-methoxy-5-nitropyridine into N-methyl-5-nitro-2-pyri- 
done. On the other hand, Tschitschibabin and Jeletsky 
(Ber., 1924, 87 , 1161) claim to have pyrolysed 2-phenoxy 
pyridine and 2-phenoxy quinoline at dull red heat into 
the respective N-phenyl isomerides and to have detected 
the conversion of the 2-allyl into the N-ether on distilla- 
tion. Hurd ( loc . oit., p. 205) remarks, in dealing with 
migrations in derivatives of N-heterocyclic enols, . 
in these cases the alkyl group wanders to a nitrogen atom 
wherever it may be in preference to a-fi unsaturated 
carbon.” If the tautomeric nature of the oxy-pyridyl 
nucleus be concerned entirely with the mobility of a 
hydrogen atom between oxygen and nitrogen, and if a 
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quinone configuration be an invariable intermediate 
phase in the Claisen-rearrangement (of. Fieser, J.A.C.S., 
1926, 48 , 3205; 1927, 49 , 857), it might be expected that 
in these cases also the allyl-group would migrate as in 
the case of other alkyl-groups. 

From a study of the literature one could draw the 
following conclusions: 

(a) The allyl group does not differ essentially from 
other groups in pyrolytic behaviour but only in degree. 

(ft) Allylation of N-heterocyclic enols should give both 
N-and-O-allyl ethers analogously to methylation (of- 
Friedlftnder and Mfiller, Ber., 1887, 20 , 2009). 

(c) O- Allyl ethers should pyrolyse to the N-ethers as 
is the case with other ethers. 

2-Alloxy-quinoline, the only substance of this type 
which has been prepared, was obtained from 2-chloro- 
quinoline and sodium allylate, but not definitely 
characterised (Tschtschibabin and Jeletsky, loo. tit.). 
The nature of the parent substances renders somewhat 
difficult the preparation of oxy-ethers by ordinary 
methods. The best procedure appears to be either by 
acting on the silver salt with the alkyl halide (of. Rfith, 
loo. tit., Baltzer, Ann., 1930, 480 , 172), or by the decom- 
position of the chloro-compound with a solution of the 
sodium alkoxide in the corresponding alcohol. During 
the present investigation the silver-salt method gave the 
best results. 

The parent substances themselves are in many cases 
difficult to prepare, one of the simplest being 4- 
oxyquinaldine (Limpach, Ber., 1931, 64 , 967). Allyla- 
tion of this compound was readily achieved by decom- 
position of the silver salt with allyl bromide in methyl 
alcoholic suspension, and the extremely exothermic 
pyrolysis of the purified oil so obtained initiated by 
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simple heating at 180°, The crystalline rearranged 
product was obtained in theoretical yield. The decision 
between the two formul© (X) and (XI) for this sub- 
stance (neglecting the possibility of a migration into the 
“peri” position), was reached by a consideration of its 
properties and ultimately by its synthesis, using Knorr’s 
method, from a-allyl -^-phenylaminocrotonic ester, which 
left no doubt as to the exclusion of (XI). 



The substance (X) posesses only feeble enolic proper- 
ties, giving a faint coloration with alcoholic ferric 
chloride, whilst the sodium salt is readily hydrolysed. 
However, it readily yielded an 0 benzoyl derivative. 
Replacement of the hydroxyl group by chlorine using 
phosphorus pentachloride and oxychloride (cf. Conrad 
and Limpach, loc. cit.), followed by treatment with 
sodium methoxide yielded a methoxy derivative, and 
reduction of this substance to 2-methyl-3 propyl-4- 
methoxy tetrahydroquinoline (XII) was accomplished 
by Adams method. Three asymmetric carbon atoms are 



Xll. 


XI 11. 


xxv. 
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introduced by the reduction. The description and report 
on the physiological examination of this final product 
(which is being kindly undertaken by Dr. A. J. Canny), 
is reserved for a later communication. 

It is interesting to observe that the methiodide (XIII) 
of the allyl-ether rearranged quantitatively on heating 
above its melting point to N-methyl-4-quinaldone (XIV) 
with the elimination of allyl iodide. Removal of the 
enolic ether grouping via the quarternary salt has been 
frequently recorded (cf. Conrad and Limpach, loc. tit., 
Friedlfinder and Miiller, loc. cit.). In this case, betaine 
formation takes place at a temperature just below that 
at which migration occurs in the case of the allyl-ether 
itself. 

3-Methyl-4-hydroxy-quinaldine (XV) gave an additional 
anomalous result on allylation and pyrolysis (initiated 
at 190°). Even in this case the allyl group appeared to 
avoid nitrogen and to occupy a provisionally represented 
“peri” position (XVI). 



Although definite proof of the validity of structure 
(XVI) is not yet advanced, the temperature of forma- 
tion and general properties of the substance point to the 
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exclusion of an N-allyl-quinaldone configuration. In the 
napthalene series pyrolysis of an allyl-ether of formula 
(XVII, B representing a blocking group) has not yet 
been studied. Possibly the group would likewise “shift” 
into the “peri”-position. An alternative consideration of 
the migration could assume the existence of a phase of 
the allyl ether involving -N-C-CHs ?=± -NH-C-CHg. 
mobility (XVIa). The carbon atom (C) in the resulting 
conjugated system is analogous to a p-carbon atom, the 
allyl group possibly migrating to this position on 
pyrolysis with the formation, after redistribution of the 
affinities, of w-allyl-3 : methyl : 4-oxy quinaldine. This 
case would then be somewhat analogous to the pyrolysis 
of 2 : 4-dimethyl-6-isoallyl alloxybenzene (Claisen and 
Tietze, Ann., 1926, 449, 84 ) . 

The proximity of oxygen and nitrogen in 8-oxy-quino- 
line (XVIII) lent some interest to the allylation of this 
substance, which was conveniently achieved by decom- 
position of the sodium or potassium salt with the allyl 
halide in methyl alcoholic solution. A strongly 
exothermic reaction occurred on heating the ether to 
190°, yielding a homogeneous rearranged product con- 
taining phenolic hydroxyl. 



xvm. xix. 


Attempts to correlate this substance with 7-allyl-8- 
oxyquinoline (XIX) by synthesis of the latter from 
2-allyl-6-aminophenol by Skraup’s method were unsuc- 
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cessful. However, in view of the experience of Cl&isen, 
that the ortho-position, when vacant, is the one occupied, 
it seems reasonable to suppose an analogous migration 
in the present instance. Methylation was carried out 
with methyl sulphate and alkali and reduction with 
sodium and alcohol (of. Emmert, Ber., 1915, 48 , 688), 
yielded the piperidol derivative (XX), the physiological 
properties of which will be shortly reported. It is only 
mildly toxic. It is worthy of mention that in the 
preparation of the allyl-ether by distillation, the Anal 
runnings regularly solidified. This solid material 
(diallyl-8-oxyquinoline) apparently resulted from nuclear 
allylation (or possibly migration during the formation 
of the ether), plus oxy allylation, according to the follow- 
ing scheme, since the same substance was obtained by 
pyrolysis of the allyl-ether of 7-allyl-8-oxyquinoline. Its 
formula is provisionally represented as 5 : 7-diallyl-8- 
oxyquinoline (XXI). This initial .nuclear allylation 
during the reaction, under such mild conditions, and 
particularly in a hydroxylic solvent, is unusual ( of . 
Claisen, Z. angew. Chem., 1923, 36, 478). 




308 BURNETT HANDER* JONES AND V. M. TRIKOJUS. 

So far, the results obtained do not permit of modified 
suggestions as to the mechanism of the Claisen 
rearrangement. A study on a-, 0-, y-oxypyridines them- 
selves is almost concluded, and has provided interesting 
results. The work is being extended in other directions. 
Moreover, the study of the kinetics of the rearrangement 
has not yet received attention on a quantitative basis. 
Mr. L. W. O. Martin, B.Sc., of this University, has 
already begun exploratory experiments dealing with this 
aspect of the problem. 

Experimental. 

4 Oxyquinaldine . — In the preparation of this and allied 
substances by alcohol elimination from the corresponding 
£-arylamino-crotonic ester it was found that the esters 
gave improved products on pyrolysis if subjected to pre- 
liminary purification by distillation in high vacuum. The 
esters distil smoothly at 1-2 mm. pressure. 

/3-phenylamino crotonic ester (b.p. 145°, at 1*8 mm.) 
was cyclised in paraffin solution ( cf . Limpach, loc. cit.) 
and the product recrystallised preferably from ether- 
alcohol. 

4'AUowyquinaldine . — The silver salt (57 g., precipi- 
tated from the sodium salt in aqueous-alcohol) of 4- 
oxyquinaldine, dried, and sieved, was suspended in an 
absolute ethyl alcoholic solution of allyl bromide 
(19 cc. in 100 cc.) and refluxed during four hours. After 
filtration from silver bromide (40*5 g.), concentration, 
and addition of sodium hydroxide solution (20%), the 
oil so obtained (32 g.) was extracted with ether and 
distilled at 1*2 mm. Yield, 15 g., b.p. 152-3°. Formation 
of a residue (12*5 g., in this instance), which consisted 
almost entirely of 3-allyl-4-oxyquinaldine (see below), 
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is difficult to prerent unless the temperature of the oil 
bath and the pressure be maintained at the lowest 
possible values. 4-alloxyquinaldine is a colourless oil, 
soluble in mineral acids and organic solvents. (Found: 
C, 77*8; H, 6*50; C 18 H, 8 ON requires C, 784; H, 6*53%). 
Picrate (yellow needles from methyl alcohol, m.p. 188°). 
Methiodide (colourless prisms from methyl alcohol; m.p. 
165° (decomp.). Found: I, 37*3; C 14 H 16 ONI requires I, 
37*3%). Hydrochloride (colourless needles from alcohol- 
ether, m.p. 171-172°). 

S-Allyl-4-oxyqmnaldine (X). — 4-alloxy quinaldine 
(5 g.) was heated to 180°. The internal temperature 
then rapidly rose to 270°, the rearrangement being 
being complete in 1 minute. (For the pyrolysis of larger 
quantities, dilution with a neutral solvent is advisable.) 
Solution in dilute hydrochloric acid and precipitation 
with ammonia yielded the colourless base (4*7 g., m.p. 
270°). Crystallisation from methyl alcohol gave elon- 
gated prisms, m.p. 273°. (Found 7 C, 78*0; H, 6*5; 
C 18 H 18 NO requires C, 78*4; H, 6*5%). 3-Allyl-4- 
oxyquinaldine is sparingly soluble in water, soluble in 
mineral acids, but insoluble in acetic acid. It gives a 
light red colour with alcoholic ferric chloride, but none 
in aqueous solution. A solution of the sodium salt may 
be obtained in aqueous-alcohol but hydrolysis readily 
occurs on addition of water. The silver salt (grey micro- 
crystalline powder) may be precipitated from the 
aqueous-alcoholic solution of the sodium salt. Benzoyl 
derivative (benzoyl chloride and alkali on the base; 
colourless prisms from aqueous methyl alcohol, m.p. 
87-88°. Found: C, 78*9; H, 5*9. CjoH 1t 0 8 N requires 
C, 79*2; H, 5*6%). 

a-Altyl-f$-pKenylamino crotonic ester. — 0-Phenylamino 
crotonie ester (50 g.) in dry benzene (309 cc.) was 
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treated with sodium wire (5-7 g.). The resulting solu- 
tion of the sodium salt was then decomposed by allyl 
iodide (46 g.). Heat was developed and after standing 
for some hours the reaction was completed by refluxing 
for one hour. Water was then added, and the benzene 
solution dried, evaporated, and distilled. The main frac 
tion (34 g.) distilled at 161-162° (2 mm.). (Found: 
C, 73*0; H, 8-0. C 15 H 19 O s N requires C, 73*4; H, 7-8%.) 
Elimination of alcohol was accomplished by slowly 
raising the temperature of the crotonic ester from 225° 
to 260°. For quantities greater than 10 g. the paraffin 
oil modification of Limpach (loc. cit.) is desirable. After 
purification from methyl alcohol the product (3-allyl-4- 
oxyquinaldine) melted alone, or mixed with the re- 
arranged product from 4-alloxy quinaldine, at 273°. 

Decomposition of the Methdodide (XIII) of 4-alloxy- 
quinaldine . — The methiodide (4 g.) was heated at a bath 
temperature of 175° during 17 minutes. A slight 
exothermic reaction occurred (resulting in a maximum 
rise in the internal temperature of 7°), and allyl iodide 
(1’0 g.) distilled. The dark coloured residue still con- 
tained iodine and was completely soluble in water, but 
difficult to purify, probably owing to the occurrence of 
secondary reactions with the allyl iodide. The decom- 
position was best effected at a low pressure (3 mm.), 
when the residue consisted of a mass of almost colour- 
less needles, which, after one crystallisation from 
benzene, melted at 160° (mercuric chloride derivative, 
m.p. 186°; needles from water). Conrad and Limpach 
(Ber. f 1887, 20, 947) have recorded 160° and 187° 
respectively for N-methyl-4-quinaldone (XIV) and its 
corresponding derivative. 

4-M ethoxy -S-allyl quinaldine . — Methylation experiments 
with (a) sodium methoxide and methyl iodide in methyl 
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alcohol, (ft) diaxo-methane in ether-alcohol, or (c) 
methyl iodide and the silver salt, were unsuccessful. A 
good yield was obtained, however, via 4-chloro-3-allyl 
quinaldine. 3-Allyl4-oxyquinaldine (11 g.), phosphorus 
pentachloride (12 g.) and phosphorus oxychloride 
(0-5 cc.) were mixed and heated at 130-140°, until the 
evolution of hydrogen chloride was complete (15 
minutes). Ice was added, and the product then warmed, 
Altered, made alkaline with sodium hydroxide solution, 
extracted with ether and distilled. Yield : 7*5 g., b.p. 154° 
(3 mm.). A small quantity (3%) of a solid base (colour- 
less prisms from aqueous alcohol, m.p. 182°) con- 
taminated the product towards the end of the distilla- 
tion. It was removed by solution of the chloro compound 
in petroleum ether and Altration. It was not further 
investigated. The chloro compound was quantitatively 
converted into the methoxy derivative by heating it for 
two hours at 130-140° in methyl-alcoholic sodium meth- 
oxide (sodium, 0-85 g., in methyl alcohol, 40 cc.). Colour- 
less oil, yield: 6-5 g., b.p. 147-149° at 1*6 mm. Picrate 
(yellow silky needles from methyl alcohol, m.p. 143°. 
Found: C, 54*1; H, 4*4. C 20 H 18 O g N 4 requires C, 54*3; 
H, 4*1%). Reduction of the methoxy compound to the 
methoxy tetrahydro-quinoline derivative (XII) was 
effected by (a) sodium and ethyl alcohol, or (6) platinum 
oxide-platinum black. The properties of the reduction 
product will shortly be reported. 

3-Methyl-b oxyquinaldine (XV ). — a - Methyl - ft - phenyl- 
amino-crotonic ester (b.p. 150-151°, 2 mm.) was pre- 
pared analogously to the allyl compound (vide supra, and 
of. Conrad and Limpach, Ber ., 1891, 24 , 2990) and pyro- 
lysed in paraffin oil at 240-250°. 

8- M ethyl- 4-allowy quinaldine. — 3-Methyl-4-oxyquinaldine 
(6*5 g., m.p. 315°) was converted, via the sodium salt in 
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aqueous alcohol, into the silver salt, and the latter, dried 
and sieved, heated for three hours in methyl alcoholic 
(20 cc.) suspension with allyl iodide (6 g.). The pro- 
cedure followed was then similar to that used in the case 
of the preparation of 4-alloxy quinaldine, with the excep- 
tion that the allyl ether was purified through the picrate 
(5 g-)> which crystallised from ethyl alcohol in balls of 
yellow needles, m.p. 161°. (Found: C, 54*2; H, 4-2. 
C J0 H 18 O 8 N 4 requires C, 54-3; H, 4 0%. ) 

8-Methyb4-owy-5( t )-allylquinaldine . — The picrate (4 g.) 
of 3-methyl4-alloxyquinaldine was decomposed with 
alkali and the oil obtained heated to 185° when the 
internal temperature rose to 205° and the product 
solidified almost immediately. It crystallised from 
methyl alcohol in colourless flat prisms, m.p. 249-250°. 
(Found: C, 78*4; H, 71. C 14 H 15 ON requires C, 78-8; 
H, 7-0%). It was soluble in sodium hydroxide but the 
sodium salt was hydrolysed in dilute solution, insoluble 
in aqueous ammonia and soluble in mineral acids. It 
gave a pronounced red coloration with alcoholic ferric 
chloride. 

8’A1lowyquinoline. — 8*Oxyquinoline (60 g.) was dis- 
solved in methyl alcohol (250 cc.) to which had been 
added potassium (16*2 g.), allyl bromide (50 g.) then 
added and the whole refluxed for six hours in an atmos- 
phere of hydrogen. After removal of the alcohol, dilute 
sodium hydroxide was added, and the allyl ether 
extracted with ether and distilled. Yield: 55 g. (72%). 
a smaller yield (41%) was obtained by substituting 
sodium for potassium. 8-Alloxyquinoline is a colourless 
oil, b.p. u 43-1 44° at 0*6 mm., non-volatile in steam, 
soluble in mineral acids and organic solvents. (Found: 
C, 77 * 4 ; H, 6*1. C ls H u ON requires C, 77*8; H, 6 * 0 %). 
Picrate (yellow prisms from methyl alcohol, m.p. 148 - 
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149°. Found: C, 53*6; H, 3*6. C 18 H 14 0 8 N 4 requires 

C, 53-6; H, 3-4%). A small quantity of crystalline 
material (soluble in alkali, m.p. 83°) was obtained at the 
end of the distillation (see below). 

7 •AllylSowyquinoline ( XIX ) . — 8-Alloxyquinoline (53 
g.) was rapidly heated (5 minutes) to 190° (external 
temperature). An internal thermometer registered 194° 
and in 1$ minutes this had risen to 290°. The product 
was then distilled. The main fraction (47 g.; 89%), 
b.p. 139-142° (2 mm.), solidified, and melted constantly 
at 46° after one crystallisation from a concentrated solu- 
tion in methyl alcohol. It crystallises in colourless 
needles, and is soluble in organic solvents, mineral acids, 
and dilute sodium hydroxide. The sodium salt may be 
crystallised from water but is more soluble in alcohol. 
(Found: C, 77*4; H, 5*9. C^H^ON requires C, 77*8; 
H, 6*0%. ) Picrate (yellow needles from alcohol, m.p. 
190°). As in the distillation of the^illyl ether, the final 
runnings yielded the base, m.p. 83° (2*5 g.). 

5:7 (t) -Diallyl-8-oayy quinoline. — 7 - Allyl-8-oxyquinoline 
(2*7 g.) allyl bromide (1-8 g.) were refluxed for 5 hours 
in a methyl alcoholic solution of potassium methoxide 
(potassium, 0*6 g., in methyl alcohol, 12 cc.). The 
product was washed with alkali, extracted and distilled 
(2 g., b.p. 140°, 3 mm. Picrate , m.p. 135°). It was then 
pyrolysed at 190-240° (external temperature) during 5 
minutes, and distilled at 2 mm. The distillate (1 g.) 
solidified and melted at 83° alone or mixed with the 
substance obtained above. (Colourless leaflets from 
methyl alcohol. Found: C, 79*6; H, 6*9. C 15 H 15 ON 
requires C, 79*9; H, 6*7%). It dissolves in aqueous 
sodium hydroxide to a lyophyllic solution. 

8-Methowy-7-allylquinoline. — 7-Allyl«8-oxyquinoline (20 
g.) in sodium hydroxide (10%, 55 cc.) and methyl 

M— September 7, 1982. 
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alcohol (15 cc.) was shaken with dimethyl sulphate 
(18 cc.) during 30 minutes and finally heated for a 
sim i l ar period at 100°. The product was extracted with 
ether, washed with alkali and distilled. Yield: 14 g., 
b.p. 176-177° (16 mm.). It is a colourless oil, insoluble 
in water, soluble in adds. Pierate (yellow needles from 
methyl alcohol, m.p. 148-149°. Found: C, 53*2; H, 3-7. 
C lg Hi S 0,N 4 requires C, 63-3; H, 3-7%). 

8-Methoay-7-isoallylquinoline . — The allyl compound 
(16 g.) was heated at 100° for 6 hours with ethyl alco- 
holic sodium ethoxide (sodium, 1 g., in alcohol, 15 cc.). 
Dilution with water and extraction with ether yielded an 
oil which was separated in quantitative yield as the 
pierate, m.p. 200° (yellow needles from alcohol. Found: 
C, 53-2; H, 3-8. C 19 H 14 0,N 4 requires C, 63-3; H, 3-7%). 
(Note: During the present investigation it was found 
that analyses were preferably made on the picrates rather 
than on the parent bases, with which it was often difficult 
to obtain consistent results.) 

The reduction product, 7-propyl-8-methoxy-tetrahydro- 
quinoline will be described in a later communication. 

Department of Organic Chemistry, 

University of Sydney. 
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THE USE OF POTASSIUM DICHROMATE AND 
SODIUM NITRITE IN AROMATIC 
NITROSATIONS. 

By F. P. J. Dwyer, b.Sc., 

D. P. Mellor, m.Sc., 
and V. M. Trikojus, b.Sc., D.Phii. 


(With four text-figures.) 

< Read before the Royal Society of New South Wales, Sept. 7, 19 St.) 

When a dilute solution of potassium dichromate and 
sodium nitrite is slowly distilled, nitrous acid passes 
over and may be collected to the extent of 91% (Marie, J., 
J. Chem. Soc., 1909, 95, 1493). 

During the present investigation it has been found that 
this mixture may be utilised in organic chemical reactions 
as an excellent potential source of nitrous acid under 
neutral, or slightly alkaline conditions. 

In solution, potassium dichromate gives an acid re- 
action owing to the hydrolysis of the dichromate ion, 
Cr^O/', according to the following scheme, the final 
state being dependent upon the degree of dilution; the 
HCrO/ ion being thus common to dilute solutions of 
potassium dichromate, potassium chromate, and chromic 
acid (c/. Ephraim (Thorne), Inorganic Chemistry, 
Gurney and Jackson, London, 1926, pp. 386-7). 

, 

K|GT|Of-^2K — ► 2HC1O4— ►2H-}-2Cr04 

or 

K|Gr|0; +Hj0~^2KHCr0 4 
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The modified equilibrated state, resulting from the 
introduction of two molecules of sodium nitrite, could 
then be disturbed bj addition of heat, or of some sub- 
stance (R.H.) which, under the attained conditions of 
hydrogen-ion concentration, would act as an acceptor of 
nitrite ions. Thus : 

2K +2H0rO 4 -|-2N8rf2N02 -j-2R.il.— ► 

2C1O4 +2Na +2R.NO +2H 2 0 
i.e. 9 

H 2 0 

K 2 Cr 2 0 7 + 2NaNO a +2R.H. 

2R.NO -f K 2 Cr0 4 4-Na 2 Cr0 4 + H a O 
If R.H. be aniline it has been found that conditions 
are propitious for the rapid production of pure diazo- 
aminobenzene. Here it is highly desirable that the 
acidity of the solution be under careful control in order 
to counteract the formation of benzene-diazoamino- 
azobenzene, (1), the presence of which is said to account 
for the red colour obtained by treating ordinary speci- 
mens of diazoaminobenzene with alcoholic potassium 
hydroxide, and for the low melting points frequently 
recorded for this substance (of. Earl, this Journal, 1930, 
64 , 96). 



Thus, in Earl’s preparative method (this Journal, 1929, 
63 , 94, of. Meunte, Compt. rend., 1903, 137 , 1264) 
aniline, sodium feltrite, and carbon dioxide are utilised, 
the reaction, however, requiring 72 hours for completion, 
the product still giving a slight red colour with alcoholic 
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potassium hydroxide. From this, it would seem evident 
that diminution of the acidity of the solution, whilst 
reducing the possibility of the formation of (1) also 
diminishes the rate of reaction. Under the conditions 
outlined in the experimental part of the present investi- 
gation, it has been possible to carry out the reaction at 
practically a fixed pH value, the solution being through- 
out almost neutral, or slightly alkaline. When potas- 
sium dichromate, sodium nitrite, and aniline are used 
a very pure diazoaminobenzene is obtained after twenty 
minutes, with an initial pH of 4*85 (0*1 M. solution). 
The reaction was therefore carefully followed for 
changes in pH by means of the glass electrode. It was 
found that a rapid rise in pH took place, so that for 
nine-tenths of the reaction, the pH lay between 6-35 and 
7*41. This initial increase, which rapidly brought about 
a buffered condition of the solution, was attributed to 
the formation of chromate ions during the reaction, 
thereby upsetting the following equilibrium: 

[HCrOJ 

This was shown to be correct by the fact that one 
could reproduce the pH value, at any particular 
stage by the addition of the appropriate quantity of 
potassium chromate. A similar result was achieved by 
the addition of sodium or potassium hydroxides which 
provided the neutral chromate in solution. According 
to Britton (J., 1924, 125 , 1572) sodium hydrogen 
chromate has, in dilute solution, an approximate pH of 
4-5, and on titration with sodium hydroxide solution the 
curve obtained — using the hydrogen electrode — corres- 
ponds to that of the neutralisation of a weak mono-basic 
acid. We have found that, using the glass electrode, a 
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pH of 4*86 <0*1 M eolation) is attained by potass i um 
dichromate, the potassium hydroxide titration curve then 
following very closely that obtained for sodium hydrogen 
chromate. Thus, in solution, potassium dichromate may 
be considered as equivalent to potassium hydrogen 
chromate. 

In a later extension of these observations, it was 
considered that since the following equation — 

H,0 

K|Cr s 0 7 -|-XC0 8 ^ K t Cr0 4 +XCr0 4 +C0 a 
representing the reaction between carbonates and a 
solution of potassium dichromate, depends upon the 
application of heat for completion to the right (c/. 
Marie, loo . oit.), it would be of interest to utilise the 
reverse reaction, with the addition of sodium nitrite, for 
the preparation of diazoaminobenzene. Upon submitting 
an aqueous-alcoholic solution of aniline, sodium nitrite, 
and a small quantity of potassium chromate, to a current 
of carbon dioxide for 25 minutes, a quantitative conver- 
sion of the aniline to a diazoaminobenzene of high 
purity was obtained. In the absence of potassium 
chromate, diazoaminobenzene began to form only after 
a long period, (of. Earl, loc . cit.). Apparently the small 
amount of potassium hydrogen chromate (potassium 
dichromate), produced by the reaction between the 
neutral chromate and carbon dioxide is sufficient to 
accelerate the reaction to a very marked degree. (Potas- 
sium dichromate has been prepared from potassium 
chromate and carbon dioxide under pressure; Goldstein 
( J . Russ. Chem . Ind 1926, 564), and Pincass (Conti- 
nental Met. Chem . Eng., 1927, 2 , 233). A similar result 
was, of course, achieved by substituting potassium 
dichromate for the chromate. This modification of the 
carbon dioxide method is suggested as the most con- 
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yenient laboratory procedure for obtaining pure 
diazoaminobensene. 

By following the reaction between aniline, potassium 
dichromate, and sodium nitrite, electrometrically, with 
and without the addition of (a) potassium chromate, 
and (b) sodium hydroxide, it may be concluded that in 
such reactions, rapidity of acceptance of nitrous acid (or 
nitrite ion) does not entirely depend upon the acidity 
of the solution, since a rapid reaction can occur, within 
narrow limits, entirely on the alkaline side (vide, par- 
ticularly, Fig. 2 and Fig. 3). No reaction occurred 
when disodium hydrogen phosphate was substituted for 
potassium dichromate, owing to the greater alkalinity of 
the solution (vide Britton, J 1927, 614). 

The original mixture of dichromate and nitrite was 
successfully used for the preparation of a number of 
other diazoamino compounds, nitroso-methylaniline, and 
nitroso-thymol. Oxy-azo bodies (e.g., l-phenylazo-2- 
naphthol) were rapidly and quantitatively produced by 
this method, or by the carbon dioxide modification. 
Phenylene diamines, however, underwent oxidation, 
whilst diphenylamine was recovered unchanged. It is 
hoped to continue the investigation in these and other 
cases. 


Experimental. 

Preparative: 

Carefully purified chemicals were used throughout. 

Diazoaminobenzene (a). — Aniline (18*6 g.), and 
sodium nitrite (7-0 g.) in water (150 cc.) and methyl 
alcohol (100 cc.) were vigorously stirred, and cooled to 
below 5°. Potassium dichromate (14*7 g.) in water 
(200 cc.) was then added during 10 minutes, and the 
stirring continued for a further 10-15 minutes when the 



420 F. P. J. DWY1B. D. P. HELLOS AND V. M. TBIKOJUS. 

conversion to diazoaminobenzene was complete. Be- 
crystallisation from alkaline ethyl alcohol yielded pale 
yellow needles, m.p. 99*5°, which gave a light red colour 
with alcoholic alkali. Yield : 18*5 g. 

Under similar conditions, 2 : 2' and 4 : 4' dimethyl 
diazoaminobenzene (m.ps., 59° and 119° respectively), 
were obtained from the corresponding toluidines. In the 
case of m-toluidine, the reaction was extremely slow, and 
only a viscous mass was isolated. 

Nitroso-methylaniline (b.p. 124° (15 mm.). Yield — 
90%) was similarly prepared. 

(5). — Potassium dichromate (14-7 g.) was mixed with 
potassium chromate (27*4 g.) and sodium nitrite (7-0 g.) 
in water (250 cc.), the whole being cooled in ice. Such 
a solution has an approximate pH of 7-0 (see Electro- 
metric section, Table III). Aniline (18*7 g.) in methyl 
alcohol (50 cc.) was then added during seven minutes, 
with vigorous stirring, the temperature being maintained 
below 5°. Stirring was continued for a further 15 
minutes, and the yellow crystalline powder filtered and 
washed with water and a little alcohol. The yield was 
quantitative, and the crude product gave only a faint red 
colour with alcoholic potassium hydroxide. After crystal- 
lisation from ethyl alcohol, it melted at 100*5° and gave 
practically no coloration with alcoholic alkali. 

(c). — Aniline (18*6 g.), sodium nitrite (7*0 g.) and 
potassium chromate (1 g.) in water (100 cc.) and ethyl 
alcohol (80 cc.) were cooled in ice, and a current of 
carbon dioxide passed for 15-20 minutes. The yellow 
crystalline crude product gave only a light colour with 
alcoholic alkali. 

l-Phenyku!(h2‘Naphthol: (a). — Aniline (9*3 g.) and 
l-naphthol (14*4 g.) in ethyl alcohol (80 cc.) was added 
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during 15 minutes to a well-cooled and stirred solution 
of potassium dichromate (14*7 g.), potassium chromate 
(10 g.) and sodium nitrite (7*0 g.) in water (300 cc.), 
the temperature remaining below 4°. Stirring was 
continued for a further 30 minutes. The crude product 
(22*8 g.) had m.p. 132° and 134° after recrystallisation 
from ethyl alcohol. 

(b). — The above quantities of aniline, £-naphthol, and 
sodium nitrite in alcohol (150 ec.) and water (200 cc.) 
with the addition of potassium chromate (or 
dichromate; 1 g.) were cooled and treated with a rapid 
current of carbon dioxide for 30 minutes, when the 
conversion was complete. The crude product melted 
at 133°. 

Nitroso-Thymol . — Thymol (15 g.) in ethyl alcohol 
(300 cc.) was added to potassium dichromate (14*7 g.), 
potassium chromate (15 g.) and sodium nitrite (7*0 g.) 
in water (250 cc.), and the whole maintained at 0° for 
a week, when the flask was filled with almost colourless 
crystals of nitroso-thymol (needles from benzeDf*, m.p. 
165-7°). In this preparation the reaction proceeds much 
more rapidly at the ordinary temperature; at 20° it was 
complete in 24 hours. 

The Glees Electrode. 

Haber’s Glass Electrode was chosen in preference to 
the hydrogen electrode since it was necessary to carry 
out hydrogen ion measurements in solutions of potas- 
sium dichromate (cf. Hughes, J 1928, 501, for use of 
glass electrode with potassium dichromate — potassium 
chromate). The composition of the glass membrane 
used was that recommended by Maclnnes and Dole 
(J.A.G.S., 1930, 62, 36). The glass was kindly supplied 
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by Mr. W. J. Lawrence of the Department of Physiology 
of this University. Small pieces of glass were fnsed on 
the end of a piece of f " soda glass previously drawn out 
to a bore of Bulbs of an approximate thickness of 
0*025 mm. were then blown and allowed to stand for 
twenty-four hours in contact with decinormal hydro- 
chloric acid. The cell was completed by a saturated 
calomel electrode and a silver/silver chloride electrode 
set up in the following manner : 


Saturated 

Solution 

Glass 

K 

TT/11 

KC1 

pH* 

Elec- 

ro -HCl 

Hg,Cl, 


trode 

AgCl 


The silver electrode was specially prepared (Maclnnes 
and Beattie, J.A.C.S . , 1920, 42 , 1117). A Dolezalek 
quadrant electrometer with a fine phosphor bronze 
suspension was used as a null point indicator. To 
eliminate all possibility of short circuits, the needle was 
kept constantly charged by a 90 volt battery through a 
distilled water resistance. The leads to the electrometer 
were enclosed in earthed copper shields provided with 
paraffin plugs. The glass electrode, switches, et cetera 
were all placed in an earth zinc box and the whole 
apparatus placed on 2" paraffin blocks (c/. Brown, 
J . 8c. Inst. 1924, 2, 12). A Cambridge Direct Beading 
potentiometer was used. 

The cell was first standardised with a M/20 potassium 
hydrogen phthalate solution and then checked with 
other standard buffers. Each day before making 
measurements on the potassium dichromate mixture the 
electrode was standardised with M/20 potassium hydrogen 
phthalate pH 8*97. The following figures are given for 
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comparison of the apparatus with the hydrogen 
electrode : * 

Potassium hydrogen phthalate (M/20, pH, 3-97 
(hydrogen electrode). E.M.P., 0-187 V. 

Boric Acid (M/5; 18*8 cc.)-Borax (M/50; 1-2 cc.), 
pH, 7-09. E.M.F., 0-372 V. pH found, 7-15. 

Boric Acid (M/5; 14 cc.) -Borax (M/20; 6 cc.), pH, 
8*08. E.M.F., 0*432 V. pH found, 8-20. 

Succinic Acid (M/20; 7-36 cc.), pH, 5-00. E.M.F., 
0-250 V. pH found, 5-05. 

Several determinations were made in the case of each 
buffer solution, the values given being averages with a 
maximum error of approximately ± 0-6%. Whilst 
following the course of a reaction the accuracy attained 
was probably not quite of the same order as here 
indicated for a reason explained below. 

During the standardisation, neither the standardising 
buffer nor the solutions used for checking the electrode 
were left in contact with it for periods of longer than 
five minutes. However, if an electrode were left in 
contact with the standardising buffer overnight it was 
found that on replacing the buffer by a solution of 
different ionic composition the E.M.F. of the cell was 
steady for about five minutes. Thereafter it was subject 
to a small “drift,” rose to a maximum in twenty minutes 
and then after two hours returned to the original value. 
Thus an electrode which had been left in contact with 
boric acid/borax buffer, pH 7-09, overnight was checked 
periodically with M/20 potassium hydrogen phthalate 
over ninety minutes. The following, readings were' 
obtained : 
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Table I. 


Time. 

E.M.F. 

pH. 

(Mins.) 

(V.) 


0 

0-188 

3-97 

11 

0 195 

4-09 

20 

0 198 

4-16 

25 

0193 

4 06 

35 

0194 

407 

46 

0192 

4 04 

57 

0192 

4-04 

68 

0191 

4-02 

79 

0-188 

3-97 

90 

0-187 

3-95 

101 

0-186 

3-94 

1000 

0-190 

4-00 


In another experiment the following results were 
obtained : Two solutions of potassium dichromate and 
potassium dichromate-potassium chromate of pH 4*20 
and 7*00 respectively were tested against a glass electrode 
which had stood in contact with M /20 potassium hydrogen 
phthalate overnight. For the solution pH 700 the 
E.M.F. gradually rose, and after several hours returned 
to a value corresponding to a pH of 7*01. The solution of 
pH 7*00 was then replaced by a dichromate solution of 
pH 4*20. The E.M.F. of the cell was then quite steady 
over twenty minutes. On restoring the phthalate buffer 
to the cell the E.M.F. agreed with that originally found 
with this buffer but again a small “drift” was noted. 
This effect was not so marked with electrodes which had 
been in use for some time. It was further minimised by 
allowing the glass electrode to stand in contact with 
potassium dichromate some twenty-four hours before use 
with solutions containing potassium dichromate and 
chromate. It was not practicable to check the electrode 
each time before making an estimation of the pH of a 
sample of the Inaction mixture. This “drift” will there- 
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fore introduce a small uncertainty into the pH values 
recorded during the course of a reaction, but it is too 
small to affect materially the main conclusions drawn 
from the electrometric experiments. 

Hughes ( loc . cit.) and Dole (J.A.C.S., 1931, S3, 4260) 
have failed to find any “mixed electrode” function such 
as that reported by Horovitz and Schiller. It is difficult 
to explain the above-mentioned “drift” as due to a 
“mixed electrode” function, since the electrode potential 
rises and then returns to its original value. Some 
temporary disturbance definitely appears to result if one 
allows an electrode to stand in contact with a given 
buffer over a long period, and then changes over to a 
solution of different ionic composition. It is hoped to 
reinvestigate this effect. 

The Dichromate-Nitrite Mixture. — M/40 sodium 
nitrite, and M/80 potassium dichromate gave the 
following pH values. (The pH of the mixture increased 
overnight from 4-83 to 5*02 probably owing to loss of 
nitrous acid.) 



Eg. 

pH. 

M/80 K s Cr t O ? .. 

0*202 

4*20 

M/40 NaNO t .. 

0*367 

7*23 

Mixture 

0*237 

4*83 

M/20 K.H.C,H 4 (COO) t 

0*187 



These results were duplicated on the following day. 

The Reaction . — Aniline (0*2 mol) in carefully purified 
methanol (50 cc.) was added to the well*#tirred, cooled 
mixture containing the correct proportions of M/80 
potassium chromate, M/40 sodium nitrite. Owing to the 
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rapid initial rise in pH the first readings were taken 
after each cc. of the aniline-alcohol mixture had reacted, 
and then after the addition of each 5 cc. In making a 
reading, 20 cc. of the solution were withdrawn, rapidly 
filtered from a small quantity of diazoaminobenzene, and, 
after recording the returned to the reaction 

mixture. 
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Tabus II. 


Aniline-Alcohol. 

Eg. 

pH. 

(00.) 

0 

0-243 

4-85 

1 

0-289 

5-65 

2 

0-308 

5-97 

3 

0-319 

6-16 

4 

0-326 

6-29 

5 

0-330 

6-35 

10 

0-343 

6-58 

15 

0-348 

6-67 

20 

0-353 

6-75 

25 

0-361 

6-88 

30 

0-367 

7-00 

35 

0-378 

7-18 

40 

0-386 

7-33 

45 

0-389 

7-38 

50 

0-391 

7-41 


E.M.F. of standard =0-1 87 volt. 


By the addition of potassium-chromate (1 mol.) to the 
above mixture the initial pH was 6-33 and 7*13 after all 
the aniline had been added, the concentrations being as 
before, the reaction thus occurring within a 0-8 pH 
range (see Table III; Fig. 2). 

Table III. 


Aniline-Alcohol. 

Eg. 

pH. 

(cc.) 

0 

0-319 

6-33 

2 

0-327 

6-48 

4 

0-332 

6-57 

6 

0-337 

6-65 

8 

0-338 

6-69 

10 

0-341 

6-73 

15 

0-344 

6-78 

20 

0-348 

6-83 

25 

0-350 

6-88 

30 

0-358 

6-93 

35 

0-357 

7-00 

40 

0-359 

7-04' 

45 

0-362 

7*09 

50 

0-364 

7-13 
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Table IV, Fig. 3, shows the course of the reaction 
when the original mixture was half-neutralised with 
sodium hydroxide (1 mol. for 1 mol. potassium 
dichromate), so that the initial pH condition was that 
of the half-way stage in the original reaction mixture. 
(About 1% more than 1 mol. sodium hydroxide was 
necessary to bring the pH exactly to 6*88.) The figures 
then approximate very closely to those in Table II : 
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Table IV. 


Anfliae- Alcohol, 
(oo.) 

Eg. 

pH. 

0 

0-355 

6-88 

2 

0-357 

6*92 

4 

0-360 

. 6-97 

6 * 

0-363 


8 

0-366 

7-08 

10 

0-372 

7-17 

12 

0-376 

7-25 

15 

0-382 

7-32 

20 

0-383 

7-36 

25 

0 385 

7-41 


In Table V (Fig. 4) are given the figures obtained 
during the titration of 0-1 M potassium dichromate with 
0*1836 N potassium hydroxide. The form of the curve 
follows very closely that obtained by Britton (loc. cit.). 

Table V. 


Potassium 

hydroxide. 

(cc.) 

Eg. 

pH. 

0 

0-256 

4-37 


0-318 

5-42 


0*334 

5-71 


0-343 

5-86 


0-350 

5-98 


0-356 



0-360 

6-16 


0-366 

6-26 


0-371 

6-35 


0-382 

6*55 


0-392 

6-70 


0*400 

6-83 


0-407 

6*95 

35 

0-413 


40 

0-421 


45 

0-431 

7-38 

50 

0-448 

7 r *67 

55 

0-668 

11-50 


N — September 7. 1932 
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THE ESSENTIAL OILS OF THREE SPECIES OF 
GETJERA AND THE OCCURRENCE OF A 
NEW HYDROCARBON. 

Part II. 

By A. K. Penfold, F.A.C.I., 

Curator and Economic Chemist, Sydney Technological Museum, 

and 

J. L. Kim onnen, DSc., f.r.s, 

Professor of Chemistry , University College of North Wales , 
Bangor. 

( Head before the Royal Soiuty of New South Wales, Sept 7, 1932 ) 

In a remit communication (J. Proe. Roy. Soe. New 
mouth Wales, 1930, 64, 204) the isolation of a new hydro- 
carbon from the essential oil of (ieijera parri flora was 
described. This hydrocarbon, for which we propose the 
name geijerene, is somewhat difficult to separate from 
linalool, with which it is associated in the oil, and the 
earlier analyses appeared to indicate the composition 
C n H l8 or <\:»H ao . Further investigation has shown this 
to be incorrect, geijerene being either C n Hi tt or C ia Hi 8 . 
It is impossible to distinguish between these two formulae 
by analytical methods and unfortunately the hydrocarbon 
yields no crystalline derivatives. We have, however, been 
able to show quite definitely by two distinct indirect^ 
methods that geijerene must have the composition C l8 H 18 . 

In acetic acid solution in the presence of Pd-norite 
(see p. 336) geijerene is readily hydrogenated, the volume 
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of gas absorbed agreeing well with that required for three 
molecules of hydrogen assuming the formula to be 
C 1S H 18 . (H, * 4*260 1. calc, for C 12 H 18 4-386 1.; CnH ie 
4-854 1.) It was further found that when geijerene was 
reduced catalytically and the reduction stopped after the 
absorption of two molec ules of hydrogen, the tetrahydro - 
geijerene so obtained, gave on oxidation with either potas- 
sium permanganate or ozone formaldehyde (or formic 
acid) and a small quantity of a ketone, which from the 
analysis of the crystalline ttenticarhazonc , had the com- 
position CuHsoO. It follows, therefore, that geijerene 
must have the formula C 12 Hi 8 . 

Although we have carried out a large number of 
experiments we have been unable to obtain any evidence 
which would enable us to suggest a constitution for the 
hydrocarbon. Geijerene must be a monocyclic hydro- 
carbon containing three ethylenic linkages, one of which 
must be present as a methylene, ; CH 2 group, which is 
probably attached to the ring, since the ketone, G n H 30 O, 
obtained on oxidation, did not give any broinoform when 
treated with sodium hypobromite. The ethylenic linkages 
are not conjugated since the hydrocarbon cannot be 
reduced by sodium in alcohol solution, nor does it react 
with maleic anhydride. This conclusion is supported by 
the evidence furnished by the determination of the 
molecular refractions of geijerene, tetrahydrogeijerene 
and hexahydrogeijerene, all of which show a decrement 
the calculated value, as will be seen from the following 
figiij^s : 



[RJ D 

irj d 


Found. 

Calculated. Difference . 

Geijerene 

53-33 

54*015* - 0-68 

Tetrahydrogeijerene 

54-39 

54-95 - 0-56 

Hexahydrogeijerene 

54-71 

55-41 - 0*7 
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It is obviously not justifiable to draw any conclusions 
regarding the constitution of the hydrocarbons from 
these results, but attention may be directed to the fact 
that similar low molecular refractions have been 
recorded for hydrocarbons such as 3 : 3-dimethylpentane 
(- 0*20) , 2:2: 3-trimethylbutane (- 0*37) and 3-ethyl- 
pentane (-0*24), all of which contain alkyl groups in 
close juxtaposition. It appears to us to be improbable 
that geijerene can contain a potential aromatic ring, 
since, when hexahydrogeijerene is heated with selenium, 
no hydrogen selenide is formed and the hydrocarbon is 
recovered unchanged. It is unlikely also that it contains 
a grin -dimethyl group, as neither on oxidation with 
potassium permanganate or with nitric acid is dimethyl- 
ina Ionic acid or as-dimethylsuccinic acid formed. We 
hau* investigated the oxidation of geijerene and of tetra- 
hydrogeijerene both with ozone and with potassium 
permanganate under varied conditions, but apart from 
formaldehyde (and formic acid) and the small quantity 
of the ketone, r n H 20 O, referred to above, we have been 
unable to separate any recognisable products. 

Our present experiments lead us therefore to the 
conclusion that geijerene, in addition to its abnormal 
composition, belongs to a new typo of terpene hydro- 
carbon and it seems to us not improbable that it may 
contain a seven memberod ring. Incomplete as these 
experiments are, we consider it desirable to place them 
on record in order to correct the erroneous composition 
previously assigned to the hydrocarbon. We hope that 
it may prove possible in a future communication to 
discuss the constitution of geijerene, but unfortunately 
its preparation in the quantity required for a detailed 
study is very laborious. 
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Experimental. 

The hydrocarbon, which had been separated from 
linalool in the manner previously described ( loc . cit. f 
p. 281), was further purified by repeated distillation 
over sodium when the following constants were observed: 

b.p. 85°/17 mm., 0-8720, Jiff 1-4888, [a] D ±0° 

5*020 mgm. gave 16*280 mgm. CO a , and 4*99 mgm. H 2 0. 
C = 88*8, H = 11*0. 0 12 Hi 8 requires f 1 - 88*9, II - 11-1 
per cent. 

Qeijerenc is a colourless mobile oil with a remarkable 
fragrant and distinctive odour. In acetic acid solution 
it gives with sulphuric acid a reddish violet coloration. 
As mentioned above, it is not reduced by sodium in alco- 
holic solution nor is it hydrated by sulphuric acid 
(3 per cent.). When it is treated with Aschan’s reagent 
(sulphuric acid in ethereal solution) a diterpene, 
b.p. 210-215°/16 mm., is obtained. It does not react with 
maleic anhydride* either in benzene solution or at the 
boiling point of the hydrocarbon. It is veiy readily 
attacked by potassium permanganate either in acetone 
solution or in aqueous alkaline solution, the oxidation 
being complete after the addition of permanganate 
corresponding to between 9 and 10 atoms of oxygen. 

Under all the conditions investigated the products 
were a mixture of liquid acids which, after esterification, 
gave esters which distilled over a wide range. The 
presence of formic acid was established in the acids 
volatile in steam, but no acetone was formed when the 
oxidation was carried out in aqueous solution. The 
degradation is very profound since when the oxidation 
was carried out in alkaline solution, only 0*7 gram of 
acids were obtained from 5 grams of the hydrocarbon; 
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in acetone solution the yield was somewhat better, but 
the mixture of acids was equally complex. Oxidation 
with nitric acid gave oxalic acid as the sole product, 
whilst the hydrocarbon was not attacked by chromic 
acid in acetic acid solution. 

H c.ra h tfd royei jrrni e . 

Geijerene (10 g.) in acetic acid (00 cc.) containing 
Pd-norite (2 g. ; 0*2 g. Pdri 2 ) was shaken with hydrogen 
until the absorption of gas ceased. The hydrogenation 
was very rapid at lirst, but became* slow after the 
addition of hydrogen corresponding to two ethylenic 
linkages had occurred. (H 2 absorbed 4*260 1. at 18° and 
755 mm.; calc. 3H_> = 4-380 1.) The filtered solution was 
poured into an excess of potassium hydroxide solution, 
the hydrocarbon dissolved in ether, the ethereal solution 
dried and the solvent evaporated. The residual oil was 
distilled under diminished pressure, b.p. 95-97°/18 mm.; 
for analysis it was redistilled over sodium, b.p. 96°/20 
mm., d% 0-8373, nff 1-4577. 5-114 mgm. gave 16-036 

mgm. CO* aiid 6-64 mgm. II 2 (>. C = 85-5, H = 14-5. 
r 12 Hj 4 requires C = 85*7, H = 14-2 per cent. 

Hvxahydrngeijercnv is a colourless mobile oil with a 
faint odour resembling somewhat that of the higher 
paraffins. It does not absorb bromine in chloroform solu- 
tion nor is it attacked by potassium permanganate in 
hot acetone solution. 

Tetrah ydrogeijerene . 

Geijerene (10 g.) in acetic acid (60 cc.) containing 
Pd-norite (0*5 g. ; 0*05 g. Pd('l 2 ) was shaken with 
hydrogen until the volume of gas absorbed corresponded 
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to the reduction of two ethylenic linkages. The filtered 
solution was poured into dilute potassium hydroxide 
solution and the hydrocarbon isolated in the usual 
manner. 

Tetrdkydrogeijerene , b.p. 95°/20 mm., dff-I 0*85058, nff 
1*4695, was a colourless oil having a pleasant lemon- 
like odour. 4*850 mgm. gave 15*319 mgm. C0 2 , and 5*76 
mgm. H 2 0. C = 86*2, H * 13*2. Ci 2 H 22 requires O = 86*8, 
H = 13*2 per cent. 

In chloroform solution tetrahydrogeijerene readily 
absorbs bromine, but a crystalline bromide could not be 
prepared, the oil remaining on evaporation of the 
solvent decomposing with evolution of hydrogen bromide. 
Although the hydrocarbon boils very constantly, the 
slight discrepancy in the analytical figures recorded 
above and the fact that it yields a mixture of products 
on ozonolysis makes it somewhat doubtful if it is 
completely homogeneous. It is not improbable that it 
is contaminated with both hexahydrogeijerene and less 
hydrogenated products. The oxidation of tetrahydro 
geijerene both with potassium permanganate and with 
ozone was studied under a variety of conditions but 
satisfactory results were not obtained. The following 
is a description of one experiment. 

The hydrocarbon (6*7 g.) in acetone (100 cc.) was 
treated gradually with finely powdered potassium per- 
manganate (12*5 g.), the temperature being maintained 
at 18-20°. The oxidation was very slow and required 
4 days for addition and decolorisation of the perman- 
ganate. The manganese dioxide sludge was filtered off, 
well washed with acetone and the filtrate evaporated, the 
oil so obtained was distilled under diminished pressure 

O — September 7, 1932 
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(16 mm.) when two main fractions were obtained: 
(i) b.p. 63-101° (3 g.), (ii) 101-130° (3 g.). The second 
fraction was dissolved in alcohol, mixed with an excess 
of semicarbazide acetate and allowed to stand for some 
days, when a crystalline semicarbazone (1 g.) slowly 
separated. This was purified by recrystallisation from 
methyl alcohol from which it separated in well formed 
hexagonal prisms, m.p. 163-164°. 

4-840 mgm. gave 11-330 C0 2 and 4-43 mgm. H 2 0. 
C * 63-8 H - 10-2. 

3-246 mgm. gave 0-530 cc. N 2 at 22° and 758 mm. 
N - 18-45. 

Ci 2 H 2 80N8 requires O = 64-0 H = 10-2 N * 18-7 per cent. 

From a small quantity of the semicarbazone (3 g.) 
the ketone was regenerated by treatment with oxalic acid; 
it was a colourless oil with a strong camphoraceous 
smell and it was readily volatile in steam. As mentioned 
above it did not yield any bromoform when shaken with 
an aqueous solution of sodium hypbromite. 

The manganese dioxide sludge (see above) was 
extracted with hot water, the aqueous extract con- 
centrated, acidified and extracted with ether, when a 
viscid oil (0*6 g.) remained on removal of the solvent. 
This did not crystallise or yield any crystalline deriva- 
tives and it was not further investigated. 

The authors’ thanks are due to the Government Grants 
Committee of the Royal Society for a grant which has 
defrayed a part of the cost of this investigation. They 
are indebted also to Imperial Chemical Industries for a 
research grant to one of us (J.L.S.). 
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NOTE ON THE INTERNAL STRUCTURES OF 
BA RRAN DELLA AND SIEBERELLA . 

F. W. Booker, M.Sc. 

(With Plate VI and two Text-flgureB. ) 

( Read before the Royal Society of New South Wales, Oot. 5, 193 1.) 

The occurrence of a new structure in the cruralia of 
certain galeatiform pentameroids was recorded in a 
paper published in 1926. 1 

This structure was found to exist in variously 
modified forms in the following Australian species: 

Barrandclla (Barrandina) wilkinsoni, Booker, 1926. 

Barrandella (Barrandina) minor, Booker, 1926. 

Sieberella glabra, Mitchell, 1920. 

The structure was also found to exist in a specimen 
of Sieberella galeata, Dalman, from WrenV Nest, 
Dudley, England. 

As the result of this discovery, an effort was made 
to obtain material from England and America for 
comparison with the Australian specimens. No American 
material has yet been obtained, but through the courtesy 
of Dr. F. Cowper-Reed, of the Sedgewick Museum, 
Cambridge, several specimens of Barrandella linguifer , 
Sowerby, and Sieberella galeata, Dalman, from Wren’s 
Nest, Dudley, England, were made available. 

These specimens were sectioned serially and the extra 
plate first identified in Barrandina wilkinsoni , was found 
in both species. 

1 Booker, F. W.: Free. Roy. 8oc. N.8.W. t lx, pp. ISO-146, 19S6. 



F. W. BOOKER. 


m 

The description of Barrandella linguifer, Sowerby, 
1839, therefore requires modification' ag follows: 

Barrandblla linguifer, Sowerby, 1839. 

(Plate vi, figs. 1, 2 and 6.) 

Shell small sub-globose and inflated. The umbo of 
the pedicle valve is large, incurved, and much thickened. 
A median sinus is developed on the pedicle valve and 
the corresponding fold on the brachial valve. The sinus 
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Text-figure 1. 

rrandella linguifer , Sowerby. Serial sections. 
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ia shallow and bounded by two slightly raised folds, while 
the fold is impressed with a faint median groove, i.e., 
the shell is uniplicate with a tendency to become bipli- 
cate. An area is absent in all cases and the surface of 
the shell is ornamented with a few growth lines only. 

Text-fig. 1 shows a series of sections through the shell. 
From the figures it will be seen that the septum of the 
pedicle valve is very short indeed — shorter even than that 
of Barrandina. The spondylium extends forwards and is 
about one-third the length of the shell. The cruralium 
is supported for the whole of its length by two septa, 
which do not unite. The crural plates are only about 
half the length of the septa, and between septa and 
crural plates a pair of extra plates are intercalated. 

The shape of the cruralium is as shown in ITall and 
Clarke, “Palaeontology of the State of New York,” Vol. 8, 
Part 2, p. 243, fig. 173, but for tin* fact that Hall has 
not realised the nature of the extra plates. 

The spondylium shown in the figure does not agree 
with that of our specimen. Text-fig. 2 shows the internal 
structures of B . linguifer , B. u'ilkinsoni, B. minor , and 
HalPs figure 173, referred to above, in juxtaposition for 
comparative purposes. 

The close relationship between B. linguifer and B. 
wilkinsoni is apparent at a glance, but it is possible that 
B. minor may need to be placed in a separate sub-genus. 

A second specimen of Sieberella galea ta, Dalman, from 
Wren’s Nest, Dudley, sectioned serially gave identical 
results with those published in 1920, 2 and the description 
of this species should therefore be modified in accordance 
with the details of internal structure* there published. 


*Loc. cit ., pp. 142-144, 1926. 
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In a letter dated March 2, 1931, Dr. G. A, Cooper, of 
the Smithsonian Institute, states that the record of the 
occurrence of extya plates in the cruralia of Barrandella 
( Barrandina ) is the first for this group of shells. He 




1. Barrandella hngutfer. Hall and Clarke. Pal. New York, 
viii, pt. 2, p. 248. fig. 173. 

2. Barrandella Hnguifer. Section of a specimen from Dudley. 
England. 

8. Barrandina toilkinsom 
4. Barrandina minor. 


stated that he, Schuchert and Kozlowski have also 
detected the plates in serial sections, but he gives po 
references, and no published literature of theirs on this 
subject is available. Cooper also states that he finds no 
particular distinguishing features between Barrandina 
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Plate YI. 



EXPLANATION OF PLATE VT. 

Figs. 1 and 2—Barrandella linguifrr . Two views showing 
the umbo and fold, x 1. 

Figs. 3 and 4. — SubetelUt guleata. Two views of a specimen 
from Dudley, England, x 1. 

Fig. 5. — Sieberella guleata. Side view of a smaller specimen. 

' 1 . 

Fig. 6. — Barrandella hngutfer. Side view of a larger 
individual, x 1. « 
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and Clorinda, Barrande; but here again there is no 
material or literature available to decide the point either 
way. Barrande’s figures (Systeme silurien, Vol. v, plates 
xxii, xxiv, cxix, and cxxxviii) show no resemblance 
between the two. 

My thanks are due to Mr. W. S. Dun of the Geological 
Survey of New South Wales for his kindly advice. The 
sections and photographs used were prepared by Mr. 
G. Gabriel, lapidary to the Mining Museum. 
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NOTES ON THE MINERALOGY OF THE 
NARRAKEEN SERIES OF NEW 
SOUTH WALES. 

(a) The Heavy Mineral Assemblages. 

( h) An Occurrence of Orystalliskd Quartz in a 
Sandstone from Bulli. 

By Alma (5. Ouley, B.Sc., 

Science Research Scholar in Geology , University of Sydney. 

(Communicated by Proiessor L. A. Cotton.) 

(With Plates VII and VIII, and one Text-figure.) 

( Read befoic the Royal Society of New South Wales, Nov. t, 19St.) 

Rocks of the Nil mi bee ii Series, of Lower Triassic age, 
outcrop along the coast of New South Wales between 
Stan well Park and Garie, and again between Collaroy 
and Tuggerah Lake. From the coast the outcrops swing 
inland along the slopes of the coastal ridge to the west 
of Kiama in the south, and along the hills south of the 
Hunter Valley to Murrurutidi in the north. In the west 
they outcrop in the cliff sections of the Blue Mountain 
valleys, including the road at Mt. Victoria. The series 
has a maximum thickness of 1,740 feet measured at the 
Oremorne Bore, Sydney, but at the Blue Mountains the 
thickness is only about 300 feet. 

The series is made up of sandstones, shales and sandy 
shales, with horizons of tuffs (partly redistributed), the 
most important being the chocolate shale which forms a 
very distinctive horizon near the top of the series. A 
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similar horizon of chocolate shale occurs near the base 
of the series. 

(a) The Heavy Mineral Assemblages. 

Originally it was hoped that a study of the heavy 
mineral content of the Narrabeen sediments would 
directly indicate their source. It was found, however, 
that a study of still older sediments (of Kamilaroi age) 
would be necessary before arriving at any definite con- 
clusions regarding the source of the Narrabeen beds. 
Consequently this paper is intended only as a descriptive 
paper of the heavy mineral assemblages, but the writer 
hopes, at a later stage, to record the results of further 
investigations on the sedimentary rocks of Kamilaroi age 
and on their relation to the Narrabeen Series. 

Localities Visited . — Rocks of Upper Narrabeen age 
( i.e ., above the upper chocolate shale horizon) were col- 
lected from Waterfall, Collaroy, Narrabeen, Turrimetta, 
Bilgola, Tudibaring, Avoca, Terrigal and Mt. Victoria. 
Specimens from Coal Cliff and Stan well Park (south), 
and Toowoon Bay and Tuggerali locality (north) are 
from near the base of the Narrabeen series. From Garie 
and Bulli (south), Wamberal and Wyrrabalong (north), 
and Blackheath and Katoomba (west), specimens from 
intermediate depths were obtained. 

Method of Examination . — The specimen to be examined 
was crushed in an iron mortar with an iron pestle. In 
crushing, grinding motion was avoided. The crushed 
rock was sieved, the fineness of the sieve used depending 
on the grainsize of the specimen. It was then weighed, 
and, where possible, from 500 to 1,000 grams of material 
were treated. Stitytetimes, however, a Smaller weight 
was prepared. The rock sand was carefully panned, but 

P — November 2, 1#82. 
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the panning process was not carried right to the end. 
The final separation was effected by heavy liquids. Some- 
times boiling in dilute hydrochloric acid was necessary 
to remove iron oxides before complete washing and heavy 
liquid separation. 

At first, for the separations, cadmium boro tungstate 
was used in a Brogger funnel or a conical separating 
funnel. The separations thus made were quite good, but 
this method was abandoned as the cadmium borotungstate 
is very viscous, besides being dark in colour, and 
consequently separations Mere very slow. 

Bromoform (sp. gr. about 2*9) proved to be the most 
satisfactory liquid to use. The bromoform can be used 
successfully in a conical separating funnel, or, as the 
writer prefers, in small evaporating dishes. In the latter 
case the liquid with the floating light fraction can be 
carefully poured from the heavy minerals, and a fairly 
pure separation thus effected. # The vessels used are 
washed with benzol and the washings preserved for the 
recovery of the bromoform. This method is quick and 
efficient. The heavy minerals, thus concentrated, were 
weighed and the approximate percentage of the heavy 
mineral content Mas calculated. Finally, an electro- 
magnetic separation M as made into a magnetic and a non- 
magnetic fraction. 

For examination under the microscope the grains were 
immersed in refractive index liquids. Monobrombenzol 
(R.I. 1*55) proved specially satisfactory. This is slowly 
volatile, but gives time for examination of the grains 
before evaporation. The grains can thus be recovered, 
subjected to other R.I. liquid tests if necessary, or pre- 
served in sample bottles for future reference. Permanent 
mounts of selected grains were made in xylol balsam. 
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In the examination of the chocolate shale the usual 
method was not adopted. After crushing and sieving, it 
was seen that the usual panning process would be useless, 
since all the grains were so heavily coated with iron 
oxide. Only a small quantity (50 grams) of the chocolate 
shale was treated. The grains were ground under water 
in an agate mortar with a rubber-covered pestle. This 
prevented, to some extent, fracturing and absolute 
powdering of the grains. The loose, soft iron oxide was 
removed after repeated grinding and boiling in dilute 
hydrochloric acid. The cleared grains were then 
separated and examined. 

Thin sections were prepared for a general microscopic 
study of the specimens, and for a rapid survey of the 
light constituents. 


Description of the Heavy Minerals. 


The following heavy minerals have been recognised in 
the Narrabeen sediments: 


Cubic — Tetragonal — 

Chalcopyrite. Anatase. 

Galena. Rutile. 

Garnet. Zircon. 

Magnetite. 

Pyrites. 

Picotite. 

Spinel. 

Orthorhombic — 

Barytes. 

Brookite. 

Hypersthene. 


Hexagonal — 
Apatite. 
Calclte 
llmenite. 
Siderite. 
Tourmaline. 


Mono clinic — 
Blotite. 
Chlorite. 
Monazite. 
Muscovite. 


Limonite and haematite, derived from iron-bearing 
minerals, and leucoxene, from ilmenite, also occur. 

Chalcopyrite . — This is present in only four of the 
specimens examined,, viz., tuff about one f6ot above the 
upper chocolate shales at Bilgola, basic tuff from Garie 
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about fifty feet below the upper chocolate shale horizon, 
and two sandstones from Terrigal. In no case is it 
abundant, several grains only being observed in each 
sample. In size they are 0*1 mm. or less across. In 
reflected light they show a brassy or golden colour with 
metallic lustre and vivid red and purple tarnish. 

One of the Terrigal samples shows the chalcopyrite 
to be in association with a deep red opaque mineral, 
the latter apparently either coating the chalcopyrite or 
forfning complete pseudomorphs. Several aggregates of 
small red crystals were observed. The individual crystals 
were tetrahedral, resembling crystals of chalcopyrite 
and also showing a diagonal striation characteristic of 
chalcopyrite* 5 > (p. 80). Microchemical tests with nitric 
acid showed both minerals to be insoluble, proving the 
red to be hiematite, and confirming chalcopyrite. The 
haematite may be either a decomposition product of 
chalcopyrite* 5 * (p. 82), or else a secondary coating. 

In the remaining three samples the chalcopyrite 
occurred as irregular grains and showed no crystal form. 

(Catena . — This was observed in sandstones from Mt. 
Victoria. Only a few grains were found, these being 
present as cleaved fragments. Cubic cleavage is well 
shown, the fragments having “stepped” edges. The galena 
is black and opaque in transmitted light, but shows a 
grey colour and metallic lustre in reflected light. In 
size the grains average 015 mm. by 0*2 mm. m 

Garnet is present only in the sediments north of Broken 
Bay, and was absent, too, from the six specimens 
examined from the Blue Mountains. It formed only a 
rare constituent usually, but was slightly more frequent 
in material from Toowoon Bay and Terrigal. 
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Colourless, pale pink and brownish -pink grains occur, 
the very pale pink variety being most frequent. The 
grains are usually very irregular with a hackly fracture, 
or, rarely, a sub-conchoidal fracture. Some are inclined 
to be flat, or platey, due to the development of the 
dodecahedral cleavage, while a few rather rounded grains 
were observed from Toowoon Bay and south of The 
Entrance, Tuggerah. The (211) faces were recognised 
in a crystal from Toowoon Bay. 

Garnet is recognised by its weak magnetism, very 
irregular fracture, vitreous to slightly resinous lustre, 
high R.I., and its isotropism. 

Magnetite has a wide distribution, but is generally 
scarce in most of the concentrates. It is very abundant, 
however, in the tuff from Garie, where it forms about 
30% of the total concentrate. Usually it occurs as 
irregular, dull or submetallic black grains, averaging 0*1 
mm. across. Some rounded grains and octahedral crystals 
occur more rarely. Alteration to haematite and limonite 
is frequent. The magnetite is separated from the con- 
centrate by a horse-shoe magnet. 

Pyrites. — This is essentially a rare constituent, a few 
grains occurring in samples from Turrimetta, Bilgola, 
Hole in the Wall, Coal Cliff and Mt. Victoria. It was 
more frequent in the Hole in the Wall sandstone than 
in the other specimens. It occurs, usually, as irregular 
brassy yellow grains averaging 01 mm. across. Cubic 
cleavages are observed in some of the fragments. In the 
Bilgola tuff concentrate It is found in composite grains 
with quartz, and appeqjs to be encrusting. In a coarse 
sandstone from Turrimetta some pyrites showed definite 
crystal form, pyritohedra being recognised* and also some 
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aggregates showed tiny crystal faces. Some grains show 
oxidation to brown limonite. 

Picotite is present in all the concentrates obtained, 
but the proportion is very variable. It is most abundant 
in the concentrates from Coal Cliff and Stanwell Park, 
where it forms from 40% to 50% (by number) of the 
heavy mineral content. It is also common in the con- 
centrates from Wyrrabalong and Toowoon Bay, but some- 
what less frequent in specimens from lower levels of the 
exposures at Katoomba and Blackheath, and the Terrigal 
area. In the upper Narrabeen beds between Collaroy 
and Barren joey, at Waterfall and Mt. Victoria the 
proportion of picotite is much lower. 

The picotite is black in colour, but rarely, on the thin 
edges, a brown or deep green translucency may be 
obtained. The lustre is vitreous, or less commonly sub- 
metallic. Fractured grains show excellent conchoidal 
fracture. The mineral is moderately magnetic. It occurs 
frequently as perfect little cubic crystals. The octahedra 
alone are usually developed, but in many cases they are 
combined with the dodecahedra, and less commonly the 
cube faces are developed. Many crystals are worn so as 
to be almost spherical. Twinned crystals are common 
(Plate VII, 18). Single twins are specially common, but 
occasionally chains of three crystals have been observed. 
The siee varies from about 0 05 mm. to 0-2 mm. Some 
of the octahedra of the larger crystals show triangular 
markings, or etch figures. 

In most concentrates some crystals are present, But 
grains showing no crystal faces may be difficult to 
distinguish from ilmenite. Bead tests have been made 
in all doubtful cases, and a good emerald green colora- 
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tion of the borax or microcosmic salt beads has proved 
the presence of chromium. 

Also there were some doubts as to whether the mineral 
should be called picotite or chromite, since actually a 
chemical analysis is necessary for a final decision, and 
this was impracticable. The vitreous lustre and the 
presence of etching, however, are more characteristic of 
picotite and so the mineral was accordingly so named. 
There may be types intermediate between picotite and 
chromite, or some of the chrome-bearing grains may be 
chromite. 

Spinel . — This mineral is represented by only one grain 
in each of the Katoomba and The Entrance samples. It 
is light, bright green with a vitreous lustre, very high 
R.I., and it is isotropic. 

Anatase was found in practically all the concentrates. 
It is particularly common in samples from between 
Tudibaring and The Entrance, Tuggerah, and also in 
several samples from Stanwell Park. In other concen- 
trates it was a rare, but fairly constant, constituent. It 
occurs as irregular angular grains, as aggregates of tiny 
crystals or as individual crystals. The colour varies from 
almost colourless, through light yellow to deeper 
brownish yellow. Pale blue, medium blue and greenish 
blue anatase occur, but are not so common as the yellow 
varieties. Anatase may be quite clear, slightly cloudy, 
or opaque. The lustre is resinous in some of the opaque 
grains, but more frequently it is adamantine. Square 
or rectangular tabular crystals with bevelled edges are 
very common. This characteristic shape is due to the 
good development of c (001), and subordinate develop- 
ment of p (111). Diagonal striations, or two sets of 
striae at right angles parallel to the crystal edges, may 
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be present on the basal plane. Parallel intergrowths of 
tabular crystals of varying size are common, giving 
rise to “stepped” edges as in PI. VII, 1 and 2. The 
basal planes of tabular crystals appear isotropic and 
give good uniaxial negative interference figures. 

Elongated bipyramidal crystals (PI. VII, 3) showing 
strong development of (111) are less frequent than those 
of tabular habit, and almost invariably they have a 
horizontal striation. 

Rutile . — This mineral is widely distributed but is not 
abundant in any of the concentrates prepared. In colour 
it varies from yellow, through brownish and reddish 
yellow, to a very deep reddish brown and red. Grains 
showing crystal faces are rare. Prism faces are more 
often preserved than terminal faces although 1st and 2nd 
order pyramids have been recognised. A few examples 
of geniculate twinning have been observed. 

In shape the grains are irregular, or, more frequently, 
vary from oval grains to elongated worn prismatic or 

length 6 

rod-shaped grains, whose ratio may reach — . 

breadth 1 

Rutile may cleave parallel to (110) or (100) prisms, and 
resulting flat fragments may show traces of the (111) 
cleavage. The surface of the grains is usually rough 
and pitted. Elongated grains frequently have a shallow 
grooving or striation parallel to the prisms. Fractured 
surfaces have a vitreous lustre and the fracture is sub- 
conchoidal. Some grains are weakly pleochroic, the 
position of maximum absorption being parallel to the 
vibration direction of the polariser. Rutile is dis- 
tinguished by its colour, lustre, straight extinction, and 
very high R.I. 
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Zircon is invariably present and in the sandstones may 
form as much as 90% of the heavy mineral content. It 
rarely forms less than 50% of the concentrate. Rounded 
grains and perfect crystals are usually present together 
in the one concentrate. Perfect tetragonal crystals are 
very common. The forms most commonly developed are 
the unit prism and unit pyramid, and the 2nd order 
prisms and pyramids; the pyramid (311) is fairly 
common, and (331) less common. The basal plane (001) 
is rarely seen. Often the crystals show pyramidal 
terminations on one end only. They may be fractured 
or cleaved parallel to the pyramid (111). 

Zircons are usually rather elongated parallel to the 

length 

prisms. The maximum values for the ratio 

breadth 

are 9 and 8, observed in zircons from Tudibaring and 
Mt. Victoria respectively. The largest zircon observed 
(from Tudibaring) measured 0*5 mm. x 0-2 mm. The 
smallest are typical of the very fine sandstones aud 
sandy shales and may average as small as 0*05 mm. in 
length in these rocks. The average length of the zircons 

is about (H5 mm. and the average value for the ratio 
length 

— is 2. Generally the zircons from Stanwell Park, 

breadth 

Coal Cliff and the Terrigal district show larger develop- 
ment than those from other localities. 

Rounding is common with the production of ellipsoids 
or spheres. 

Most of the zircons are clear and colourless. Some 
are light yellow and clear, and a few are deeper yellow 
aud tend to be translucent. A concentrate from a 
Terrigal sandstone is peculiar in showing one mauve 
zircon and several green zircons. The green zircons 
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were slightly pleochroic having maximum absorption 
parallel to the vibration direction of the polariser. 
^Inclusions are very common. These are usually 
indeterminate, but tiny zircon and rutile crystals have 
frequently been recognised. Tubular or rod inclusions 
may often be found parallel to the prisms, either along 
the axis or otherwise, and may extend practically the 
whole length of the crystal. The tubular inclusions may 
be irregular and branching. The smaller inclusions are 
centrally placed, arranged parallel to the prisms and in 
zones, or they may be scattered irregularly through the 
crystal. Sometimes the inclusions are so very tiny and 
dust-like and so crowded that they give a deep grey 
coloration to the zircons. Other crystals are turbid 
because of the dust like inclusions. 

Zoning is frequent even in the small crystals, although 
it is more characteristic of the larger ones (Plate VIII, 
1 and 2). The zone lines generally follow the contour 
of the crystal, except at the ends where they become 
rounded. 

Many of the perfect zircon crystals have been protected 
from abrasion during transport by other minerals. 

Apatite is practically restricted in occurrence to con- 
centrates from the north, being most common at Toowoon 
Bay. A concentrate from a Bulli sandstone contains 
several grains \ of apatite. 

Generally it occurs as colourless, transparent, vitreous 
elongated grainW, remnants of long prismatic crystals. 
The crystal ed« e s are worn, and the ends rounded. 
The gralhs mpy be doubly terminated although 
frequently there! bas been breaking along the basal 
parting. The R.H* is medium, between 1*63 and 1*639. 
Between crossed Inicois apatite shows 1st order grey or 
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yellow interference colours {depending on the thickness 
of the grain), and it has negative elongation. Extinction 
is straight. Cross sections give uniaxial negative inter 
ference figures, but satisfactory sections are rarely avail 
able. This determination was confirmed by a micro 
chemical test on several isolated grains The grains 
were dissolved in nitric acid, ammonium molybdate in 
aqueous solution was added, lesulting in the precipita- 
tion of yellow ammonium phospho molybdate. 

In concentrates from Toowoon Bay and Wyrrabalong 
several grains of brown apatite were recorded, the depth 
of colour varying in different grains. These are rounded 
prismatic in shape, with domed ends, or broken along a 
parting, or fractured across. Pleochroism varies in 
strength, some being markedly pleochroic from a light 
yellowish brown to a deep reddish brown, E > O. 
Iddings (14) (p. 524) records a weak pleochroism for 
coloured apatite. The strength of the pleochroism in 
these grains would be due to the thickness of the grains 
which is sufficient to give a bright yellow interference 
colour. 

A microchemical test for the brown grains confirmed 
the phosphate. 

Calcite and Siderite . — These minerals, where present, 
were detected by their reaction with hydrochloric acid 
or by examination of rock micro-sections. Their mode 
of occurrence will be discussed in a later section of the 
paper. 

Iimenite is present in most of the concentrates, but 
rarely is it abundant. At Wyrrabalong and Toowoon 
Bay it is more abundant than elsewhere. It usually 
occurs as rounded or irregular grains, but sometimes 
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crystal outline can be determined. It has a submetallic 
lustre. Alteration takes place to lencoxene. 

Tourmaline is present in alJ the concentrates obtained, 
in slightly greater proportion than rutile. The colour 
is very variable. Most commonly it has a medium 
greenish-brown colour, but other shades are also noticed, 
viz., almost colourless, light green, light brown, reddish 
brown, purplish brown, and a dark greenish-brown, while 
usually several light blue (sometimes dark blue) grains 
are present in the concentrates. Th»e Wyrrabalong 
concentrate has parti-coloured or colour zoned brown 
and green tourmaline. The lustre is resinous or 
vitreous, and the grains are transparent or translucent. 

Sharply angular crystals are scarce. Frequently 
considerable rounding has taken place smoothing off 
the crystal edges till eventually the grains have become 
ellipsoidal or spherical. Prismatic grains are the most 
abundant. Rarely the rhombohedra are preserved. The 
grains may have straight terminations along a basal 
parting or they may be fraetuied. The fracture is sub- 
conchoidal. 

The surface may be smooth, or rough and striated. 
The blue variety is usually heavily striated, and the 
grains are angular and fragmental, sometimes exhibiting 
prism faces. 

Numerous bubble inclusions are present in the greenish 
brown variety, but inclusions have not been noted in the 
blue. 

Pleochroism is strong in the greenish brown grams, 
E < O. This is an important* diagnostic property. The 
pleochroism of the blue tourmaline is very weak or 
apparently absent. 
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The R.I. is medium, and prismatic grains show straight 
extinction. 

The average size is about 0*2 mm. x 01 mm. 

Baryte 8 is present in seven of the concentrates 
examined, viz from Stan well Park (where it formed 
about 50% of the heavy minerals), Garie and from the 
Terrigal-Wyrrabalong area. It is colourless or white, 
and the lustre is vitreous or uaxy. The R.I. is medium, 
slightly less than 3-642. The double refraction is weak 
and extinction is straight. 

In the Stan well Park and Garie concentrates it occurs 
in stumpy grains which reach 0*2 mm. in length, and 
which, although smoothed on the surface, show traces 
of crystal faces. The crystals are shortened parallel to c, 
and elongated parallel to b. High 1st order colours 
are shown between crossed nicols. Several good biaxial 
positive interference iigures were obtained. 

In the other concentrates the barytes is present as 
cleavage plates, the mineral cleaving perfectly parallel 
to (001). The resultant cross sections are idiomorphic, 
usually either six or eight sided. Angles measured from 
several of these sections showed that they were bounded 
by the prisms a, b and m. Such sections exhibit 1st 
order grey and yellow interference colours. Biaxial 
figures could be determined, but the sign could not be 
obtained. Alteration shows up usually at the edges, and 
quite often in a square or rectangular area along the 
axis of the crystal. 

Brookite is a very rare constituent, found only in 
concentrates from Avoca, Terrigal, Toowootf, Wyrr aba- 
long and Mt. Victoria. It is always associated with 
anatase and rutile. 
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Brookite is translucent with a resinous lustre. It is 
pale yellow, greenish yellow, or deep amber yellow in 
colour, and occurs as irregular plates flattened parallel 
to the (100) face. The presence of a very narrow b 
(010) face has been noted in several grains, while c 
(001) and brachydomes have only been observed in one 
fractured crystal from Terrigal. Vertical striations are 
often seen on (100) face. With the low power of the 
microscope the mineral shows straight extinction, but 
with high power it is seen that the plates do not 
extinguish completely. They show a big range of inter- 
ference colours during a rotation of the stage, never 
becoming completely dark. The double refraction is 
\ery high, and the interference colours are high order 
pinks, reds, greens and neutral shades. 

Excellent biaxial positive interference figures are 
obtained fiom (100) plates, and these show very strong 
dispersion. 

Brookite is 'weakly pleochroic, the position of maximum 
absorption being parallel to the vibration direction of 
the polariser. The R.I. is very high. 

Hypeisthcne . Only one gram of this mineral was 
found in a sandstone from south of The Entrance, 
Tuggerah. It was an irregular grain showing evidence 
of two cleavages at right angles. It showed vertical 
striations, and was faintly pleochroic from very light 
green to very fight pink. In transmitted light it was 
almost colourless. 

Biotite is not frequently present and is never abundant. 
In the sandy sediments where it occurs it forms irregular 
cleavage flakes, which are light brown in colour. In the 
basic tuff at Garie it occurs in very well defined 
hexagonal basal sections and also as irregular forms. 
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The hexagonal sections are very dark greenish brown 
and have a submetallic lustre. These sections reach 
0*3 mm. across. 

Iron oxide inclusions are present in some, and altera- 
tion to chlorite has been noticed. 

Chlorite is rare as a heavy mineral. It is noticed in 
several microscope slides in the rock cement, but only 
in the Garie concentrate did it form an important 
constituent. In this it formed hexagonal pseudomorphs 
after biotite. The colour varied from light to dark 
green. 

Muscovite is common. Much muscovite is lost by 
panning because of its flaky nature. In the concentrates 
it occurs as colourless cleavage flakes with irregular out 
lines. These show high order interference colours, and 
low R.I. Muscovite is also noted in the microscope 
sections. 

Monazite has been noticed only in the Terrigal Pelican 
Point locality, where it is a rare constituent. It occurs 
as rounded or ellipsoidal cloudy yellow grains, with 
resinous lustre. These show a small extinction angle, a 
high R.I., and usually high order neutral interference 
colours. Weak pleochroism is noticed in some grains. 

Discussion and Significance of the Heavy Minerals Present. 

A study of Tables I and II shows that the percentage 
of heavy minerals in the Narrabeen sediments is variable 
but is always low. 

The heavy minerals present, for purpose of discussion, 
may be grouped into three divisions : 

(1) The stable minerals, including zircon, rutile, 
tourmaline, magnetite, ilmenite and picotite. 




p c - present in concentrate, but proportions not determined 
The following symbols refer to the presence of minerals as determined by 
microscope slides 

P = present in large quantity, p = present in small quantity, 
nd = presence not determined (microscope slides were not made) 
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(2) The less stable minerals, including galena, garnet, 
spinel, apatite, hypersthene, biotite, muscovite and 
monaaite. 

(3) (a) The authigenic minerals, including chalco- 
pyrite, pyrites, anatase, brookite, some rutile, leucoxene, 
cal cite, siderite and barytes. 

(b) The secondary minerals, including chlorite, 
muscovite, haematite and limonite. 

(1) Zircon, tourmaline and rutile , as primary deriva- 
tives, are characteristic of acid or intermediate igneous 
rocks and certain metamorphic types 11 *' (p. 84, p. 80, 
p. 73). These are ubiquitous minerals and may survive 
more than one erosion cycle, so they give very wide 
possibilities for the origin of the sediments. But the 
presence of rare minerals such as green and mauve 
zircons, as found at Terrigal, must certainly limit the 
range of possibilities and, it is hoped, may give a definite 
clue to the parent rocks of the Narrabeen beds.* 

The jncotite which is a constant constituent must have 
l>een derived originally from some ultra basic mass. Such 
masses, apparently capable of supplying the picotite, are: 

(«) The Great Serpentine Belt, in which large chromite 
deposits are recorded* 1 * (pp. 680-681, p. 705). 

{b) ritra basic rocks at Lucknow. A natural con- 
centrate from Lucknow (kindly lent by Mr. L. L. 
Waterhouse, B.E., to the author), consisting mainly of 
chrome garnet, was found to contain a number of small 
crystals of picotite. 

(c) The Gundagai Berthong serpentines, in which 
picotite and chromite are recorded* 18 * (p. 21, p. 22) 

(p. 63). 


* See Note, page 371. 
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There can be little doubt that the picotite has been 
derived directly or indirectly* from these ultra-basic 
masses, or perhaps from previous extensions of these 
masses. 

(2) The less stable minerals occur locally, being 
characteristic of certain areas. 

Galena was found in small quantity in sandstones from 
Mt. Victoria. It is probably derived as a detrital mineral 
from the Devonian batbolith a few miles west of the 
western edge of the Narrabeen beds. Large deposits of 
galena occur at Yerranderie and Sunny Corner, and 
numerous smaller occurrences are known in the 
pneumutolytic phases of the intrusion. Galena is rare as 
a detrital mineral, but since Mt. Victoria is near the 
source of the material little transport would be required 
to bring it to its present position. Chemically galena is 
fairly stable, but the softness and cleavage of the mineral 
usually cause its disintegration. 

It is possible, though improbable, that the galena is 
of secondary origin, in which case the lead sulphide 
would be precipitated directly from water containing 
lead sulphide in solution or from interaction of a lead 
compound solution with sulphur bearing solutions. The 
original source of the lead would again be from the 
pneumatolytic deposits in the Devonian batbolith to 
the west. 

Garnet , apatite and monazite are characteristic of 
sediments from the northern section, and, except for 
several grains of apatite which were noted in a sandstone 
from Bulli, these minerals are absent from other con- 
centrates examined. The brown apatite/ which is present 


•See Note, page 371. 
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in tlie concentrate** from Wyrrabalong and Toowoon Bay, 
should prove a valuable index mineral/ 

Hypersthene was found in a sample from The Entrance, 
while spinel was found only at The Entrance and 
Katoomba. 

Hiotitv and muscovite have but little significance as 
index minerals. 

Thus the important index minerals are seen to be 
practically restricted to the northern Narrabeen 
sediments. 

(Jt) Iron pyrites is present in small quantity in eight of 
the concentrates studied. Usually it is present as 
irregular grains, but pyrites from Turrimetta shows some 
crystal form, suggesting formation in situ . All the 
pyrites in the Narrabeen sediments is probably authigenic, 
resulting from the action of sulphuretted hydrogen on 
iron compounds, the sulphuretted hydrogen being derived 
by bacterial action on organic material in the lake of 
deposition. 

That dyke intrusions may introduce pyrites into the 
surrounding rock was considered as a possible method of 
origin for the pyrites. A dyke intersects the Hole in the 
Wall headland, but, at other localities from which pyrites 
bearing specimens were obtained, no dykes which could 
introduce the vapours or solutions for the precipitation 
of the pyrites are known to the w T riter. 

In the green sediments from the Terrigal-Tuggerah 
locality pyrites is absent, affording an illustration of the 
statement 119 * (p. 114) that “in green rocks it tends to be 
rate or absent where the colour is due to chloritic 
products”. 


* See Note, page 
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The chalcopyrite is probably caused by the interaction 
of sulphur-bearing solutions, derived by bacterial action, 
with other copper compounds. Cupriferous tuffs have 
been reported from several horizons in the Narrabeen 
«eries <8) (p. 275). Usually the copper is present as native 
copper, or as the chloride as at Long Reef near Narrabeen. 
The horizon of tuffs bearing chaleopyrite at Bilgola 
corresponds to that showing traces of copj>er at Long 
Reef. The copper is thought to be derived from the 
disintegration of cupriferous ferro magnesian minerals 
and subsequent precipitation from solution of copper 
salts. 

Chlorite , as the alteration product of ferro magnesian 
minerals, is very plentiful in the Garie cupriferous tuff 
and the Terrigal sandstones. 

The Titanium Mineral *. — The occurrence of anatane in 
jierfect crystals, as individuals or as aggregates, indicates 
that the anatase is definitely authigenic. It is by far 
the most common authigenic titanium mineral present. 
The brookit< shows no sign of transport, but sharp edges 
are noticed between the crystal faces (100 and 010 ) in 
the irregular grains examined. It, too, is authigenic. 
Rutile is present as both detrital and authigenic crystals 
or grains. 

llraenite is present m most of the concentrates, and 
probably furnishes some titanium for the anatase, 
hrookite and rutile. It is also possible that titaniferous 
biotite <2t (p. 24) or spliene, on disintegration, has 
liberated the titania which on crystallising has formed 
anatase. 

Composite grains showing alteration from one titanium 
mineral to another were not observed in the Narrabeen 
concentrates. 
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Barytes . — The sharp idiomorphic character of the 
barytes marks it as being authigenic, since it is very 
•oft (H - 2*5 to 3-5) and any transport would quickly 
destroy its crystal edges and shape. Crystals of barytes 
occur in joints in the Narrabeen beds near Narrabfceu, 
and rounded pebbles derived therefrom are found in the 
beach shingle at the same locality. Barytes has been 
recorded elsewhere in the Triassic from various localities 
° 8 * (p. 408), < 21 * (p. 131), < fl > (p. 407). 

Barytes is usually indicative of aqueous origin, and is 
most characteristic of lacustrine deposits. It may Ik* 
precipitated by the intermingling of a solution of a 
barium compound (most commonly the chloride or the 
bicarbonate) with a solution of a soluble sulphate/ 17 * 
(p. 334), or it may be deposited directly from normal 
ground water' Mh (p. 365). Barytes itself is “not entirely 
insoluble, especially in carbonated waters” 07 * (p. 334). 

It is commonly assumed that the barium which goes to 
form this mineral is liberated originally as barium oxide 
by the decomposition of felspar and mica, from which it 
is dissolved in the process of weathering. 

But it is possible, however, that the barium is derived, 
not from felspars and micas, but from barium-l>earing 
rocks such as limestones in which it is very likely to 
occur 07 * (p. 334), or even from large barytes deposits. 
E\en if the solubility of the sulphate is not great, enough 
could be dissolved, by percolating ground waters, to 
account for the barytes in these sediments. Barium 
carbonate is more easily soluble, and interaction with a 
sulphate solution would result in precipitation of -the 
barytes. 

Microscopic examination of thin sections did not reveal 
the barytes in the Terrigal and Avoca samples, but ita 
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character as a cementing medium could be seen in the 
Stanwell Park specimen. 

Calcite or Siderite . — Several interesting specimens have 
been examined in which calcite or Biderite is present 
as a cementing medium or as microscopic spherulites. 
Such specimens were collected by the author from 
Narrabeen Head, Wyrrabalong, Coal Cliff and Stanwell 
Park, and others from the Balmain Colliery (near 
Sydney) were kindly lent for examination by Mr. 
Morrison of the Mining Museum. 

The Balmain specimens from depths between 010 feet 
and 1,200 feet showed fairly abundant car Inmate cement, 
in many cases siderite. The rocks are sandstones and 
shales from above the chocolate shale horizon, chocolate 
shales, and other related shales. The siderite varied in 
quantity; in some it is subordinate in irregular patches 
wrapping round the grains; in others it formed up to 90% 
of the rock, and formed large crystallised plates enclosing 
quartz and felspar grains poecilitically. These resemble 
in structure the Fontainebleau sandstone, although the 
ealcium carbonate may be replaced by the iron carbonate. 

Of the specimens from the Balmain Colliery one (No. 
3632) is particularly interesting. It is a tine grained 
greyishbro* n rock with rounded and elongated patches 
of grey carbonate material. Under the microscope the 
rock is seen to consist of at least 50% siderite, which is 
present in well defined circular sections showing a 
radiating fibrous structure with no noticeable nucleus. 
These siderite spherulites are light greyish brown in 
colour. They may occur individually, or several may 
unite to form vein like masses. The individual spherulites 
vary in diameter from 0-3 mm. to 1 mm. With polarised 
light a four rayed effect is obtained with complete 
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sections. With crossed nicols the ray effect is more 
defined. Invariably the spherulites are surrounded by 
a narrow ring of stumpy crystals or grains of carbonate, 
not optically continuous with the central fibres. In many 
cases the extreme edge of the rim is stained brown with 
limonite, due to oxidation. If two equal spherulites inter- 
fere* the junction is a plane surface or a straight line in 
section. If the spherulites are unequal the contact surface 
is curved and concave towards the smaller spherulite. 
Occurrences of spherulitic sidcrite in sediments have been 
described by Spencer* 22 ' (p. (570). The microscopic 
characters as observed in this rock slide correspond in 
detail with characters observed by Spencer. 

In addition to the siderite there are rounded grains 
of what upjwar to be volcanic fragments. Some are very 
decomposed, but others show* w hat is apparently trachytic 
fabric. In about equal number with these fragments are 
rounded masses of chalcedony. Sometimes the chalcedony 
occurs interstitially as a cement. Other grains of finely 
granular silica, either quartz or chalcedony, occur. 

Felspar is also present in fragments up to 1 mm. across. 
The size is not uniform, and the shape is \ariable, 
showing rounded and straight edges. The K.l. is greater 
than Canada bulsani { 1 \V> ) . No twinning is observed. 
Cleavage cracks are closely develo|H*d, but no decom 
position has taken place, the felspar being very fresh. 

All the fragments are surrounded by a carbonate rim, 
which really constitutes, with chalcedony, the cement. 

The felspar and volcanic fragments point to a 
tuffaceons origin for the rock, which could be named a 
sideritetuff. 

Of specimen* collected by the writer, one was a fine 
white saik4*totie from Karra been Head. This had a 
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peculiar sheen, giving the rock an appearance of quartzite, 
and it was very tough. Under the microscope it is seen 
to consist of quartz grains not exceeding 0*1 mm. in 
diameter, set in plates of calcite. The rock is therefore 
a fine-grained Fontainebleau sandstone. Similar occur- 
rences are recorded from Rook Lily, one mile north of 
Narrabeen <7 ’ (p. 406), and from Stanwell Park <n ‘ 
(p. 68). 

Several feet l*»lo\i this fine sandstone is a fine dark 
grey shale. The microscope shows the rock to be made 
up of a very fine shitly groundmass which cannot be 
completely resolved under the microscope. Very fine 
quart*, with indications of secondary mica can be rccog 
nised. Tiny s|>ots of siderite an* crowded through the 
shaly mass. Embedded in tin* main mass are patches 
of siderite. These remind one of the spherulites in 
specimen No. 3632, previously descrilwd, but in many 
points they differ. The siderite patches are neither so 
regular in outline nor so characteristically spherical as in 
the first caw*. Then* is no peripheral rim. The fibrous 
structure is present, but is not so regular. The ftbr«*s 
radiate from the centre in fan shaped wedges, giving an 
irregular fluted outline to the mass (Plate VIII, 8). 

Tuffaceous sandstones from Foal rliff and Htanwell 
Park and a tuff interbedded with chocolate shale at 
Wyrrabalong have irregular patches of carbonate cement. 

A tuff collected from about 30 feet above sea level at 
Uoal niff was found to consist of about 80^ calcite and 
siderite. It is rather a coarse rock consisting of pink, 
grey, brown and green irregular fragments. It is very 
tough and forms a prominent resistant band about eight 
inches wide in alternating sandstones and shales. 
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There are several irregular aud rather angular 
fragments of quartz, averaging 0*2 mm. across, and 
irregular patches showing flecked grey interference 
colours and mica. The carbonate solutions have evidently 
attacked and replaced some of these fragments, since the 
junctions between the carbonate and the fragments are 
\ery ragged. Several volcanic fragments occur. These 
have been attacked and partly replaced by carbonate 
solutions. Fragments of chlorite are also present. 

Peculiar structures are observed in some of the 
carbonate. These are small concretionary structures 
somewhat comparable with the spherulites described. 
Hounded or oval forms occur which have a dark nucleus, 
probably limonite. The rounded forms have a central 
nucleus, but the long o\al forms have a long axis. The 
carbonates are deposited concentrically around these 
nuclei. There may l>e several rows of carbonate alter- 
nating with carbonate of a different texture. Radial 
structure is absent. Individual concretions may assume 
a petaloid or rosette like structure. Other concretions 
are crow’ded together in patches. 

In rocks where the calcite cement is \ery subordinate, 
it is possible that it was derived from the decomposition 
of felspathic material. In others where the carbonate is 
abundant other sources of the calcite ha\e to be 
considered. David* 7 ‘ (p. 407) suggests the dissolving up 
of ostracod values as a possible source of the calcite. 

In the Coal Cliff tuff it would seem that the carbonates 
are essentially later than the original rook, as replace- 
ment of original material has taken place. The small 
concretions develoi>ed round nuclei of other material. 

In the case of the perfect spherulites from Balmain 
we have a common carbonate rim enclosing spherulites 
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and other fragments. Therefore the spherulites must 
have developed before the final carbonate cementation of 
the rock. 

It is probable that the material for these spherulites 
and for the fibrous aggregates in the Narrabeen grey shale 
has been concentrated as calcium carbonate in the 
original fine clayey material of the sediment, and this 
concentration has been followed by crystallisation into 
more or less perfect spherulitic form and metasomatie 
replacement by siderite. In the case of the Balmain 
specimen there has been further addition of carbonate 
which on precipitation from solution formed the cement. 

Note. — The Kamilaroi sediment *, so far examined by 
the writer, show’ a very interesting similarity to the 
Narrabeen sediments. The concentrates from Kamilaroi 
rocks north of the Narrabeen area are very similar to 
those from the northern Narrabeen rocks, and have the 
following minerals in common: garnet, iron oxides, 
pyrites, picotite, spinel, anatase, rutile, brookite, zircon 
(including zircon wdth a greenish tinge), colourless and 
brown apatite, tourmaline and monazite. Concentrates 
from the south are also similar to Narrabeen concentrates. 

Thus there appears to be an interesting relationship 
between the two sedimentary series, but much more work 
needs to be done to establish the exact nature of this 
relationship. 

(5) The Occurrence or Crystallised Qijaktz in a 
Sandstone from Bulli. 

The sandstone outcrops near the top of the Narrabeen 
series on Bulli Pass. 

Under the microscope it is seen to consist of clear 
quarts grains showing excellent enlargement, and 
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irresolvable rounded grains showing flecked grey inter- 
ference colours. These are cemented by a flne shaly 
cement, some of which has given place to flne granular 
silica, while other jmtcheH show densely packed sericitic 
mica. V r ery little felspar is present. 

It is not unusual to find enlargement of quartz grains 
by secondary silica, sometimes with the development of 
crystal outlines on the enlarged grains {12) (p. 171), 
<p. 7. p. !M ‘ ' ip. t»lh). Enlargement lias taken place 
in the Hulli sandstone, and in several cases the enlarged 
quartz grains have assumed crystal faces. 

Tiny crystals of quartz have also developed. The 
crystals observed vary from 005 mm. to 0*25 mm. in 
length. They may occur singly or ill groups showing 
parallel orientation. (Plate viii, 5 and 0.) Sometimes 
they arc» attached to clear original quartz grains, in 
which case they are usually in optical continuity. 
Several cases were noted of crystals growing from 
enlarged quartz grains. In these the crystals were not 
in optical continuity with the main grains, but at the 
contacts then* was a zone of secondary quartz showing 
undulose extinction. In other cases the crystals appear as 
outgrowths from the cement \ Plate VIII, 7), and 
apparently have no crystallographic relationship to 
surrounding material. 

The crystals project into cavities or pore spaces in 
the rock. The size of the cavities varies from 0-35 mm. 
to less than 0-1 mm. across. Thus the openings are of 
capillary dimensions. Sometimes these cavities have 
been partly tilled later by quartz enlarging adjacent 
grains. 

This occurrence is unusual, for ‘‘where there are old 
nuclei which can be used the solutions deposit material 



MINERALOGY OF THE NAKftABEEN SERIES OF N.S.W. IITU 

upon these; for if independent particles begin to form* 
these would be likely to be again dissolved aud deposited 
upon the old larger particles”*-** (p. But the 

growth of larger individuals at the expense of smaller 



Fig 1 — Locality Map 

Additional localities mentioned in text are Pelican Pt , 1 mile 
south of Bungaree Norah Pt , Toowoon Bay, 1 mile south of The 
Entrance, Wamber&l, 2 miles north of Terrighl Avoca, 23 miles 
south of Terrigal, Tudi baring, 2f miles south of Terrigal, Little 
Beach, 33 miles south west of Tudibaring, Bilgola, 4 miles north 
of Turrlmetta, CoUaroy, at sooth end of Marrabeen beach 
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ones, by the dissolving of the latter, is more rapid under 
conditions of high temperature and pressure* 2 ** (p. 75). 

It is suggested that these tiny crystals have been 
precipitated from saturated solutions of silica, very 
slowly circulating in capillary openings. The growth of 
crystals necessitates that the solution should be saturated 
or supersaturated at the place of growth of the crystal, 
und at a “moderate depth below the surface, and 
especially in the smaller spaces, where movement is very 
slow, the solutions are often saturated” (28) (p. 75). 
Since quartz is not “wholly insoluble in underground 
waters, e\en at ordinary temperatures and pressures”* 24 * 
(p. 319), it is possible that the crystals developed under 
conditions of temperature and pressure such that the 
tendency for re solution was weak. 

No igneous rocks are known in close proximity to this 
sandstone, so there appears to be no reason for 
postulating precipitation of the quartz under thermal 
conditions. 

Only one other apparently similar occurrence of 
crystallised quartz in sandstone is known to the author. 
This is in the Bunter Sandstone of the English Triassic, 
where “in many of these beds the quartz is almost 
entirely in the form of minute crystals, or crystalline 
aggregates . . This rock “appears to have but little 
or no cementing material, and to be, to a large extent, 
merely felted together by the iutergrowth of its 
constituent crystals"* 20 * (p. 14). 

The scarcity of records of such occurrences ma f be 
partly due to the fact that comparatively little work 
has been done in studying thin sections of sedimentary 
rocks. 
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Summary. 

(a) The percentage of heavy minerals in Narrabeen 
sediments is variable and low. 

Zircon, rutile, tourmaline and picotite are constant 
constituents. Mauve and greenish zircons are present 
in the northern sediments. 

Magnetite and ilmenite are commonly present. 

Garnet, apatite and monazite are typical constituents 
of the northern sediments, and spinel and hypersthene 
are scarce in these. 

Galena is present in sandstones from Mt. Victoria, 
and is derived from sulphide ore deposits in a Uevomau 
batholith to the west. 

Chalcopyrite and pyrites occur locally. 

Barytes is present in several concentrates as idio 
morphic individuals and has been formed in situ by 
percolating waters. 

Authigenic anatase is common and may be accompanied 
by secondary rutile, brookite and leucoxene. 

hi specimens from the Balmain Colliery, Xarrabeen 
and Coal Cliff spherulites of calcite and siderite haw* 
l**en observed. 

No definite conclusions as regards the origin of the 
Narrabeen beds have Ikhui stated, although a miueralogical 
relationship with the older and underlying Kumilaroi 
By stem is suspected. 

(5) A record is made of the presence of crystallised 
quartz in a sandstone from near the top of the Narrabeen 
Series at Bulli. Original quartz grains show enlargement 
by secondary silica with the development of crystal faces * 
in some cases. Also new crystals up to 0*25 mm. in 
length have developed in capillary cuwties. These may, 
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or may wot, In* in optical continuity with the quartz 
grain** on which they have grown. 
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Explanation of Plates. 

Plate VII. 

1 and 2. Anata m (xlOO), Wamberal. Typical flat crystals. 
The dark border is due to shadows thrown on the thick broken 
edges. 

3. Anatase (x68), Turrimetta. Bipyramidal crystal. 

4. Apatite (x 100), Toowoon Bay. Light brown. Note inclusion. 

5. Apatite (xlOO), Wyrrabalong. Colourless. 

6. Apatite (xlOO), Toowoon Bay. Brown. 

7. 8 and 9. Barytes (xlOO), Stan well Park. Stumpy grains 
showing tendency to crystal form. 

10. Barytes (xlOO), Avoca. Cleavage plate. 

11. Brookite (xlOO), Wyrrabalong. Showing vertical 
striations. 

12. Brookite (x 100), Mt. Victoria. Showing vertical striations. 

13. Galena (xlOO), Mt. Victoria. Cleavage fragment. 

14. Garnet (xlOO), Toowoon Bay. Irregular grain. 

IB. Garnet (xlOO), Terrigal. Irregular grain. 

16. Monazite (xlOO), Terrigal. Typical rounded grain. 

17. Monazite (xlOO), Avoca. Typical rounded grain. 

18. Picotite (xlOO), Coal Cliff. Twinned crystal. 

19. Rutile (xlOO), Turrimetta. 

20. Rutile (xlOO), Toowoon Bay. 

21. Tourmaline (xlOO), Avoca. Crystal showing trigonal 
symmetry. 

22. Tourmaline (x 100), Avoca. Worn grain. 

23. Tourmaline (xlOO), Turrimetta. 


Pi \te VIII 

1. Zircon (xlOO), Turrimetta. Showing zoning and irregular 
inclusions. 

2. Zircon (> 100), Toowoon Bay. Showing zoning and 
central inclusion. 

3. Zircon (xlOO), Wamberal. Slightly worn crystal. 

4. Zircon (xlOO), Wamberal. 

5. Quartz crystal (x68), Bulli sandstone. 

6. Quartz crystals, showing parallel growth from quartz giain 
(xlOO), Bulli sandstone. 

7. Bulli sandstone, showing two small quartz crystals growing 
parallel into a microscopic cavity. A white line is drawn 
lxtween the cavity and a quartz grain which is at extinction. 
Crossed nicols. (xBO.) 

8. Narrabeen grey shale, showing imperfect siderlte 
spherulites, in very fine shale groundmass dotted with siderlte 
grains. Polarised light. (> 34.) 


R — November 2, 1432. 
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A NOTE ON THE OCCURRENCE OF 
0-CRISTOBALITE IN AUSTRALIAN 
OPALS. 

By F. P. Dwyer, B.Sc., 
and D. P. Mkllor, M.Sc. 

( Read before the Roped Society of New South Wales, Nov. t , 19$ f.) 


Earlier examination of opal by the Hull Debye powder 
method (Lehmann, Z. Kristy 59, 455, 1923; Rinne, 
Z. Kristy 60, 55, 1924) Heemed to show that it belonged 
to the small class of truly amorphous solids. A photo- 
graph of common opal taken in this laboratory some 
time ago also showed only the broad band characteristic 
of amorphism. Since that time it has been reported 
(Levin and Oft, J.A.C.l Sf.. 54. 828, 1932) that opals show 
dclluitc crystallinity and that the pattern they produce 
is identical with that of p (high) cristobalite. The 
question has therefore been taken up again and opals 
from various Australian sources have been examined. 

In a number of instances photographs showing 
definite diffraction patterns have been obtained, while 
in other cases there appeared only a rather broad diffuse 
band. Table 1 summarises the results obtained. 

The measurements (Table II) made on a film calibrated 
In the usual way with electrolytic copper confirm the 
existence of fi (high) cristobalite in both common and 
precious opal. 



Locality. Type of Opal. Nature of Diffraction Pattern. 
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Table II. 


Plane. 

Spacing Calculated 
from Photograph of 
Specimen No. 1. 

Spacing (T. W. Barth 
AJ.Sc. 23, 300, 1932) 

(HD 

4* 15 

4*15 

(220) 

2*51 

2*53 

(222) 

2-09 

2*07 

(133) 

1*66 

1*64 

(224) 

1-48 

1*46 


The broad band noted in Column 3, Table I, is located 
in the position of the most intense line of the P cristo- 
balite pattern. Kandall, Rooksby and Coojier (Z. Krint , 
75 , 201, 1930) have shown that the broad band produced 
by vitreous and precipitated “amorphous” silica is in the 
position of the most intense line of the diffraction pattern 
of a (low) cristobalite. These authors consider that the 
band is due to the presence of cry si alii tes of the order 
of lO^-lO" 7 cm. diameter. If this interpretation is 
correct then the broad band of opal is produced by 
crystallites of p cristolmlite of the same order of magni- 
tude. It is, of course, impossible to derive any idea of 
the proportion of the opal which exists in the form of 
P cristobalite from diffraction data. 

If opals originated from hydrated silica precipitated 
from aqueous silicate solutions, and hence from 
material containing a cristobalite, then at some time 
opals in which p cristobalite is present, that is, 
all opals so far examined, must have lieen heated 
above 200-275° (\, the inversion temperature range of 
a cristobalite. (Note: The temperature of inversion df a 
cristobalite to the p form is variable. See Bosnian: 
“Properties of Silica,” A.C .&. , Monograph Series, No. 37, 
1027.) It is not clear why the siae of the crystallites 
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should vary in opals from the different localities. It has 
been suggested to us by Professor W. R. Browne that in 
some cases (No. 1 and No. 3) where relatively sharp lines 
occur in the diffraction patterns, the material may have 
been affected by thermal effects of lava flows subsequent 
to the deposition of hydrated silica. Specimens No. 1 
and No. 7, when heated for 6 to 8 hours at approximately 
1,000° C., gave rise to just perceptibly sharper lines than 
the same specimens before heat treatment. Incidentally, 
it may be of interest to note that such drastic thermal 
treatment did not destroy the interference colours of 
precious opal. Similar heat treatment of hydratinl silica 
which had been precipitated from sodium silicate solti 
tion and subsequently subjected to prolonged washing 
until free from soluble chlorides failed to show anything 
more than a broad band. This eon Arms the experience 
of Kflstner and Remy (Physik. Zeit ., 24, 25, 1023), but 
is contrary to the experience of Kyropoulos { Zrit . Xnorq. 
Chem ., 99, 197, 1917). 

It seems possible that the growth of crystallites oaring 
heat treatment [a cristobalite in the case of precipitated 
silica and P cristobalite in the case of opals) defends 
to some extent on the presence of traces of impurities 
which may function through a process of solution and 
recrystallisation. The effect of the presence of impurities 
may explain the contradiction of the above ex peri incuts. In 
order to test this point further, some common opal whose* 
diffraction pattern consisted of a broad band only, was 
ground up and heated with a small amount of chemically 
pure potassium chloride at approximately 1,000° for 
four hours. After further grinding and careful washing 
until free from potassium chloride, a (>owder photograph 
revealed a definite sharp diffraction pattern of p 
cristobalite. Thus by heating opal in the presence of a 
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flux, it wax possible to grow the fi cristobalite crystals. 
Professor Browne suggests that this process may occur 
in nature by the effect of the action of magmatic waters 
during lava flows. 

The authors wish to thank the following: Professor 
W. R. Browne, for his advice on various aspects of the 
work; Mr. Percy Marks, who kindly supplied specimens 
of precious opal from all of the most important 
Australian fields ; Mr. T. Hodge Smith, of the Australian 
Museum, a ho supplied various specimens; and Mr. M. 
Whitworth, of the Mining Museum, who supplied a small 
specimen of Mexican opal from Quer£taro. 

Department of Chemistry, 

University of Sydney. 
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AN AVEBAGE MOISTURE EQUILIBRIUM FOR 
WOOD. 

By M. B. Welch, b.Sc., A.I.C., 

Economic Botanist , Technological Museum 

(With one text-figure ) 

< Read before the Royal Society of New South Walen, Sov t, t9it ) 

The condition of seasoning of timber is one of the 
most important factors in the successful utilisation of 
this material, and the only sound indication of the 
degree of seasoning is obtained by determining the 
moisture content of the wood. As is well known, timber 
loses or absorbs moisture when exposed for a sufficient 
period to conditions of low or high atmospheric humidity, 
and if the exposure is sufficiently prolonged, an e.uilib 
rium condition is attained. In practice, except in damp 
umentilated positions, e.g. } cellars, or in dry unventilated 
situations, e.g near boilers or steam pipes, \ariations in 
atmospheric humidity are constantly occurring, and 
hence the moisture content of the wood is always fluctua 
ting above and below an average equilibrium moist ure 
figure, and it is important to determine approximately 
what this figure is. 

Apart from the constant fluctuation due to varying 
atmospheric conditions, different timbers exposed to 
similar conditions do not always contain the same 
amount of moisture,* and therefore an exact tigure is 

* M. B. Welch, “Experiment* on Moisture in Timber/* Proc. 

Roy. Hoc. NM. W., Ixiv, 8*7451, 1**0. 
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impossible; furthermore, variation may even occur in the 
game board. 

It can readily be seen therefore that it is impracticable 
to insist that a timber should contain a certain per- 
centage of moisture, although this is frequently done, 
and rather a certain tolerance above and below an 
average value should be permitted. 

During the past six years a large number of moisture 
determinations have been made on a wide range of air- 
seasoned timbers at the Technological Museum, and it 
was thought that an analysis of the figures should be 
of some value in indicating the approximate moisture 
equilibrium range. Many of the samples examined were 
submitted by timber suppliers or consumers, others were 
cut from specimens which had been used for mechanical 
tests. The range from 9*0 to 17*0% was divided into 
sixteen divisions, each representing 0*5%, and the 
number of moisture determinations which occurred in 
each division was counted, the actual limits to each 
division being 9*0-9*4%, 9*5-9*9%, 10*0-10*4% et cetera . 
The results were plotted in the accompanying graph 
(Figure 1), the abscissa* representing the percentage of 
moisture and the ordinates indicating the number or 
frequency of the moisture determinations found in each 
0*5 ' \ division, expressed as a percentage of the total 
number of determinations, which amounted to 1,240. 
Results over ITS' were regarded as too high for seasoned 
timber and were not used. 

The graph shows a comparatively symmetrical proba- 
bility “curve” and showB a very definite maximum 
frequency of 10*4% in the division corresponding to a 
moisture percentage of 13*5-13-9. For the divisions 
corresponding to 13*0-13*4 and 14*0-14*4 moisture 
content, the frequency percentages are 14*2 and 13*9 
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respectively; 62*6% of the total determinations fall 
between 12*5 and 14-9% moisture, 781% fall between 
12-0 and 15*4% moisture. 

FIGURE l. 


MOISTURE 

If the assumption is made that the average equilibrium 
moisture percentage corresponds with the figure most 
commonly obtained, then it appears that this moisture 
content for the Sydney district, for the timbers examined, 
is in the vicinity of 13-7% (13-5-13*9%). In a previous 
experiment (l.o.) a mean of 12*7% was obtained, but the 
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material examined was kept indoors in a room with a 
northerly aspect, thus probably accounting to some 
degree for the lower figure. In the moisture determina- 
tions now under review there is a large preponderance of 
hard woods, whose equilibrium figures are often higher 
than those of soft woods. Again, the figure obtained 
from the graph would, if anything, tend to be on the 
high side, since there is always a possibility that some 
of t lie timbers submitted may not hn\e quite attained a 
true equilibrium. 

14' r of the results are under UY/ 0 moisture, indicating 
that comparatively low T moisture contents are occasion 
ally obtained for unseasoned timber in Sydney. Such 
figures evidently correspond lo tests made during excep 
tionally dry periods which do not appeal to occur in 
any particular season. 

An attempt w r as made to dissect the moisture 
flguies recorded for each month in order to determine 
whether atij seasonal fluctuation could be traced. The 
results were inconclusive, some months showing tw r o 
maximum frequencies corresponding to moisture per 
ceutages as much as 2'# apart, indicating that what is 
a dry mouth in some years inay lie comparatively wet 
in other years. 
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THE QUANTITATIVE THEORY OF INTERACTION 
BETWEEN DIFFERENT SPECIES OF ANIMALS. 

By V. A. Bailey, M.A., D.Pliil. (Oxon). F.lnnt.P. 

Associate Professor of Physics University of Sydney. 

( Read before the Koyal SocUly of Ne to South Wales, Nor t. 199i ) 

At a joint meeting of Sections A ami I) of the 
Australian and New Zealand Association for the 
Advancement of Science in August last. Hr. A. J. 
Nicholson gave a brief analysis of the factors which 
essentially determine the magnitude of animal 
populations. 

Hince the theory of quantity is a branch of 
mathematics, and since the problem of animal popula 
tions is of considerable complexity, it is necesc u*y to 
apply to this problem a thorough going mathematical 
analysis. Accordingly, with the biological data as postu 
lates. a purely deduct ire theory lias t>een developed, part 
of which lias already been published in the Quarterly 
Jfturnal of Mathematics (Oxford Series } for March, lltttl, 
and was briefly outlined at the above mentioned joint 
meeting. 

The biological foundations supplied by Dr. Nicholson 
will not be again discussed here, as they are being 
published elsewhere. But it is of interest to give a brief 
summary of the mathematical theory which, in the hands 
of a mathematician, will serve to derive the necessary 
properties of animal populations. The biological notions 
adopted are implied in the notation defined below. 



v. a. bailst. 


The selection of parasitic species as enemies is made 
because they belong to the type of predator whose 
properties can 1* most simply represented. 

In the following notation an upper index refers to a 
particular parasite-species and a lower index to a 
particular host species. 

Let us denote by 

f or rj the age of an animal, 

f(£) the probability at birth that, in the absence 
of parasites, an animal will survive environ- 
mental causes of death till the age f, 

k q (£) the probability at its birth, that a q-host, 
when aged £, will bear one new host per unit 
time, 

YiJ(S) the probability that a q-host of age \ be in a 
condition to interact with the p-parasites. 

v}J(y)) the effective velocity, areal or volumetric, of 
p-parasites of age y), in regard to their ability 
to find (and attack) q-hosts. 

1J the number of eggs laid by a p -parasite in a 
q-host. 

8S(5)«yU(Wq(5), 

P the mimlier of parasite species, 
the number of host species. 

The above functions si>ecify the essential properties 
of the species. 

The following functions represent unknown quantities 
which need to be determined: 

N(t) density at time t, of all the animals of a 
given species, 
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Mg(t) density at time t of those q-hosts which are 
in a condition to interact with p-parasites, 

Wg(t) effective velocity at time t of the whole of 
the p-parasites in regard to their finding 
q-hosts, 

B(t) birth rate at time t of animals of a gi\en 
species per unit area, 

A(t, () age-distribution function at time t. 


By means of arguments similar to those used in the 
(fWM'terly Journal of Mathematical the following system 
of fundamental equations is deduced: 

oo ; 

B q (t)-jB fl (t-!;)k q (S) «xi,.{ f -2"w;;<t - ' | \) Y :;(v),lx}.l; 


*. ; 

M q (t)^-J ,, i q (t-5)>t!;(5) -i f x)Y;;(x)«i\H5 


00 

W}|(t- J BP(t - T))jj;(T))dTJ (3) 

BP(t)=s„i;M£(t)w;(t) (4) 

This system has as many equations as unknown 
quantities. 


When the values of B v and B (1 are known for all 
moments preceding t - 0 the functions B‘‘H ) and lk,(t) 
are determined by this system of equations for any later 
time t We can then derive the densities N p (t), N„(t) 
and the age-distributions A p (t, £), A q (t, 17 ). 


A steady state is conceivable in which the various 
quantities B*, B q , Mg f Wg do not change with time. In 
such a situation if b*>, b q , mg, wg represent their respective 
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values they are determined by the following system of 


equations : 

• 5 

C C 


1 - J k,«) exp.{ — £ p w{j J Y p (x)dx}d5 

(5) 

O 0 

• 5 

/» /» 


mg =b q J (f p (5) exp.{ -2 p wM r ^(x)dx}d5 

(6) 

wS- bp Jj,';(>i) d Yj 

(7) 

bP - IqlPmPwP 

(8) 


When the numl>er Q of host species exceeds* the number 
P of parasite species the combination of (5) with (7) 
yields* more than I* equations in the P unknowns. Hence 
a steady state is not then possible 

When P is greater than Q the* possibility of a steady 
state depends on the properties of the interacting species. 

Thus, as I)r. Nicholson has discovered (and I have 
verified 1, when Q * 1 and P > Q the steady state is 
sometimes possible when the different parasite-species 
attack the host-species at different parts of its life cycle. 

On the other hand, when all the functions y £(£) are 
similar, t>., of the form — c{Jy(£) where the cjj’s are 
different constants, the steady state in general cannot 
exist. 

When P is equal to Q then, subject to the densities 
being positive, the steady state in general is possible, 
even when the ?£(£)’» are similar. 

The discussion of the solutions of the system ( 1)— (4) 
is difficult, but a considerable reduction of the difficulties 

occurs when the discussion is restricted to those host* 

« 
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species whose individuals have a probability of inter- 
action which is independent of their ages, «>., for which 
yP(i;)=rc!J, a constant. This requires also that P=Q. 

On introducing the functions 

t 

Z?(t)=e$ Jw;|(t)< 1 t 
X q (t)=B q (t)o S '’ Z( ' (t) 

the fundamental equations (1) to (4* become resjwetivoly 


x„(t)= fx q (t-5)k q (5)<U (») 

o 

Tq 

M>’(t)e EPZ '' (t) -- J X q (t («*>) 

o 

TP 

zjf (t) =<'*’ J BP(t -Y))jj;(rj)<lY) (11) 

BP(( ) =.S q (lP/c| 1 , MP(t)ZP' (t ) (13) 


From these a system of equations in the HP’s alum, can 
be derived. As t-> oo this system tends to the following 
form 

TP 


BP(t,)=E q r(c q lPmP/o.| 1 'b q )J B p (t— X 


c/ 

U 

t T* 

e-2*JdtJp«(t-e)ij(e)d0] 

(13) 

where pp(t)=B°P(t)-t> p . 



By means of (13) we can in particular study the 
behaviour of the population near the steady state. The 
principal conclusion ho far derived is as follows: 

When one host-species interacts with one parasite- 
species then (to a first approximation) their densities 
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with the lapse of time oscillate about their steady values 
with increasing violence. 

The details of the general theory and its extension 
to include hyperparasites are being published elsewhere. 

On account of its relative simplicity we may also 
consider Dr. Nicholson’s special case of two species whose 
lifecycles are concurrent and whose interaction takes 
place non continuously as descril>ed in the publication in 
Hie Quuiteily Journal of Mathematics ( loc . cit. % pp. 68, 
69 and 75). 

Lot us denote by 

F the power of increase of the host -species per 
generation, 

N,Hl the host density at the end of the (t-1) ,h 
generation, 

N(t) the parasite density at the end of the t th 
generation, 

a tin* average gross area traversed by a parasite 
individual during its search. 

The fundamental equations are as follows: 


N, ( 1 1 1 ) - FN, (t)e * Nu> (14) 

N(til) FN, it) - N^ttl) (15) 


The steady densities n, and n are then given by these 
equations : 

1 - Fe 
n - n,(F-1). 

To study the behaviour near the steady state we set 
^i(t) ■ n,+Fj(t), N(t) - n+r(t), 
substitute in (14) and (15), and retain only the terms 
of the first order of smallness. 



IMIUCnON HffVBW BDTUIKT 8PBCII8 or ANIMALS. 898 


This yields: 

n(t+i)-n(*)-MP)»(t) 

sod 

r(t»l)-FV,(t)-r l <t*l) 

where 

MF)= |&? 

Eliminating r(t) between these two equations lead* 
to this difference-equation: 


v l (t+2)~2bv 1 (t+l)+e*v I (t)«0 (16) 

where b=Hl+L(F)}, o=VL(P->). 

From its definition F>1, no b<l and c J >l. There 
fore the general primitive of (16) is 

v, ( t) - Ac 4 gin(Xt-fB) (17) 


where A and B are arbitrary constants, c = + V'L(F- 1 ) and 
J 1+L(F) 

X=-C 08 _1 f — - : — =— 


\2VL(F 


P) \ 
- l )l 


It then follows that r(t) is given by a similar 
expression. 


Thus the densities oscillate about the steady \alues 
with amplitudes which increase with time. 

It is noteworthy that formula (17) gives numerical 
results with the values F -* 2 and 4 which are in close 
agreement with results obtained previously by Dr. 
Nicholson by arithmetical reasoniug. 

It can also be shown that even away from the steady 
values the densities must oscillate perpetually about 
them. 


T — November l, IMS. 
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RELATION OF THE TERTIARY ALKALINE BOOKS 
OF EASTERN AUSTRALIA TO LATE TERTIARY 
TEUTONIC LINES. 

By (\ A. SrssMiLTH, FGS 
(With two text-figures ) 

{Read brfoii the Royal Hooutp of New Houth Wales, Dec 7, 3$$t ) 

The position of the various known occurrences of 
alkaline igneous rocks of Tertiary age in New South 
Wales is shown on the accompanying map (Fig. 1). It 
will be seen from this diagram that these occurrences 
are, with one exception, arranged in two parallel lines: 
(a) the western line, and (6) the eastern line, each 
having an approximate meridional trend, the two lines 
being situated along the western and eastern margins 
respect hely of the main tableland belt pf New South 
Wales. The exception is the group of laccolites occur 
ring near the town of Ry Intone, and it will be shown 
later that this occurs along an east w r est line of fracture. 

The object of this paper is to show that these alkaline 
rocks are definitely associated with some of the main 
tectonic lines of the great Kosciusko uplift which 
affected eastern Australia at or near the close of the 
Pliocene period, but that their extrusion and intrusion 
appears to have preceded the actual uplift. 

(•) The Western Line. 

The know*n occurrences along the w r estem line are 
as follows: 

t. Mt. Kosciusko— a phonolite dyke. 

2. The Oaikolsdas Mountains — a group of extinct 
volcanoes. 
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3. The Dubbo Trachyte flows and necks. 

4. The Warrumbungle Mountains — a group of 
extinct volcanoes. 
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5. The Nandewar Mountains— a group of extinct 
volcanoes. 

1. Mt. Kosciusko . — The occurrence here of a phonolite 
dyke has been recorded by Sir T. W. E. David a) ; it is 
situated close to the great fault scarp which lieB along 
the western margin of the Mt. Kosciusko tableland. The 
only evidence of the age of this dyke is that it is Post- 
Ordovician. There is therefore no proof of it having the 
same geological age as the other occurrences along this 
western line, but it is usually, on account of its chemical 
composition, included with the* other alkaline rocks of 
eastern Australia. 

2. The Canobolas Mountains . — This is a group of 
extinct volcanoes situated close to the town of Orange 
on the Central tableland; it ill be convenient to refer 
to this part as the Orange tablelaud. It has an altitude 
of about 3,100'. The geology of the Canobolas Mountains 
has been described by Russmilch and Jenson/ 2 * who ha\c 
sho*n them to consist mainly of comendites, trachytes 
and andesites with their associated tuffs, the series as 
a whole being strongly alkaline. The more important 
volcanic cones are ranged along a definite north south 
line, and this line is adjacent to the western margin of 
the tableland, where it breaks away somewhat suddenly 
to the western plains. The geomorphology of this 
region has not previously been described in detail; it* 
essential features are shown in the sketch in Fig. 2. It 
will be seen from this section that immediately to the 
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west of the Canobolas Mountains the Orange tableland 
breaks away to the west in a series of steps and treads, 
the first step giving a drop of about 1,000' to the Molong 
tableland. This latter tableland has an elevation of 
about 2,100', its surface topography is markedly similar 
to that of the adjoining higher Orange tableland, and its 
underlying geological structure is the same, that is, it 
consists of folded Silurian and Devonian strata and 
their associated plu tonic intrusions. There is nothing 
in the geological structure to suggest that the difference 
in elevation between the two tablelands has resulted from 
differentia] erosion. The Molong tableland has a width 
in an east west direction of about 30 miles and extends 
for many miles in a north south direction. At its western 
murgin it breaks away suddenly with a drop of uliout 
1,100' to the Parkes Forties tableland, the latter tuning 
an altitude of about 1,000'. The scarp which separates 
the Orange tableland from the Molong tableland, and also 
the one which separates the latter from the P rkes 
Forties tableland are from the physiographies I evidence 
considered to be tectonic scarps with an approximately 
meridional trend and with a throw' in each case of about 
1,000', but in the absence of detailed geological maps it 
is impossible to determine whether these scarps an* due 
to faulting or to monodiual folding: the\ are considered 
by the writer to have been develops! as a result of 
differential movement during the uplift which produced 
the present tablelands (Kosciusko epoch l. It will ho 
seen from the above description that the rauobolas 
Mountains occur adjacent to and on the upthrow side 
of a tectonic scarp. 

3. The Dubbo Trachytes . — Adjacent to the town of 
Dubbo, some considerable distance to the north of Orange, 
there occur some flows and plugs of alkaline trachytes* 1 ** 
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about which very little information is available. They 
occur on a tableland at an altitude of about 1,000' above 
sea level, possibly a northern extension of the Parkes- 
Forbes level. 

4. The Warrumbungle Mountain *. — This is a group of 
extinct volcanoes situated near the town of Coonabara- 
bran some 70 miles to the north of the Canobolas Moun- 
tains. They have been described in detail by l)r. H. I. 
Jensen, ts ’ and his description shows them to be similar 
in every way to the Canobolas Mountains. These 
volcanoes lie on a tableland at an altitude of about 
2,000', which, from Dr. Jensen’s description, appears to 
1m» similar in its physiographical features to that of the 
Molong tableland, but here the surface rocks consist 
mainly of Jurassic sandstones. This tableland would 
appear to be a northerly continuation of the Molong 
tableland. Immediately to the west of the Warrum- 
bungle Mountains there is a steep drop from the 2,000' 
level to a lower tableland with an altitude of about 1,000'. 
This latter would correspond to the Parkes-Forbes level 
further to the south. 

3. The Xandvwar Mountains . — This is a group of 
extinct volcanic cones lying between the towns of 
Narrabri, Bnrruha and Bingara, and about 50 miles to 
the uorth of the Warrumbungle Mountains. These 
volcanoes have also been described by Dr. H. 1. Jensen, t4) 
who shows the lavas and tuffs to be identical with those 
of the Canobolas and Warrumbungle Mountains. The 
geomorphology of the western margin of the New 
England tableland has not previously been described, 
but it appears to be similar in all its main tortures to 
that already described for the western margin of the 
Orange tablelaud. The New England tableland proper 
has an altitude of alsmt 3,000'. To the wept of Glen 
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Innea there is a drop of 1,000' on to the Barra ba-I u verell 
tableland and immediately to the west of Barraba there 
is a further drop of about 600' on to the tableland on 
which the Nandewar Mountains stand, this lower table* 
land having, according to Jensen, an altitude of about 
1,400'. It will be convenient to call this tableland the 
Nandewar tableland. In his description of this region 
Jensen refers to the existence of an important fault 
running immediately to the east of the Nandewar 
Mountains, his determination being based on the 
geological e\ideuce. This supports the physiographies I 
evidence of the 1,400' Nandewar tableland being 
separated from the 2,000' Barraba* In verell tableland by 
a line of faulting. J>r. Jensen has informed the writer 
verbally that this fault lias displaced some of the 
Nandewar alkaline lava flows, showing that the faulting 
took place after the vulcanicity. 

Jensen states further that “at utrious points lietween 
the Warrumbungle and Nandewar Mountains, al tug the 
Narrabri-Dubbo railway line, small eruptive cones and 
plugs of alkaline rocks occur such as at Kcabby Hock in 
the Pillaga Hcrub.” 

From the above descriptions it will la* seen that the 
main tableland of New Houth Wales on its western 
side breaks oft* in a series of steps along a series of north* 
south tectonic lines which are either lines of faulting 
or monoclinal folding (or both) and that the various 
centres of volcanic activity referred to are quite closely 
related to these tectonic features. 

(b) The Eastern Line. 

The known occurrences along the eastern line of 
alkaline eruptions are given in the following table, in 
which are also included some occurrences in south* 
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eastern Queensland which are situated on a continuation 
of this line : 

1. The Mittagong District — laccolites and lava 
cones. 

2. The Lansdowne District — group of trachytic 
plugs. 

3. The riarence River District — trachyte lava flows. 

4. The Fassifern District, south-eastern Queens 
land — trachyte la\a flows and lava cones. 

5. The Mt. Flinders Range, south-eastern Queens- 
land — a group of extinct volcanoes. 

(i. The Glass House Mountains, south-eastern 
Queensland — a group of extinct volcanoes. 

1. The Mittagong District, — This district consists of a 
tableland about 2,100' in altitude and on its surface is 
a series of laccolites and lava cones extending along a 
south east north west line from “The Gib" to Mt. Jellore. 
These occurrences have been described by Mawson and 
Taylor/ n ‘ who show them to consist of alkaline trachytes 
and allied rocks. This line of alkaline rocks is situated 
dose to the well known tectonic scarp which separates 
the Mittagong tableland from the low r lying Sydney 
senkungsfeld which lies immediately to the north. That 
this scarp w*um a tectonic one was first suggested by 
K. i\ Andrews, 16 * uud was later described by Harper (T) 
as a monocliual fold, the latter suggesting that it is 
continuous with the well known north-south monoclinal 
fold which marks the eastern margin of the Blue 
Mountain tableland and which here swings round the 
southern margin of the Sydney senkungsfeld. 

2. The Lanedotone District, — There occurs hare on the 
eastern margin of the Comboyne tableland a group of 
trachytic plugs with a general north south trend. No 
geological description of this region has yet been 
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published, hut the author has had access to an unpub- 
lished paper by C. T. Grout-Smith, B.Sc., on the geology 
of this area. His description shows quite conclusively 
that the eastern margin of the Comboyne tableland is a 
scarp produced by monoclinal folding accompanied by 
some faulting and that the trachytic plugs are situated 
along this scarp. The Comboyne tableland itself has an 
altitude of 2,200', while the coastal plain which lies 
immediately to the east of it has an altitude of only 
about 400'. 

3. The Clarence River Area . — Alkaline trachytes have 
been reported as occurring at several places in this 
district, but nothing has yet been published about them. 
Mr M. Morrison informs me that trachytes occur at 
Tabulum where the road from Lismore to Tentcrfield 
crosses the scarp which here marks the eastern edge of 
the New England tableland, and that these rocks extend 
southwards to within 30 or 40 miles of Nymboida. This 
scarp is considered by E. C. Andrews (a> to be a <*ctonic 
scarp separating the New England tableland from the 
low lying Clarence Ri\er senkungsfeld. 

4. The Fassifern District . — This occurs in south- 
eastern Queensland just across the New Bouth Wales 
border and is a region of marked block faulting. Here 
trachyte lava flows and tuffs occur both on the upthrow 
and downthrow side of the Main Range fault. On the 
downthrow side of the fault there are also a number of 
isolated trachyte lava cones such as Mt. Greville, Mt. 
Edward et cetera. The igneous rocks of this region have 
been described and mapped by 13. C. Richards, <4> while 
the physiography has been described recently by the 
writer. U0) 

5. The Mt Flinders Range . — This lies adjacent to the 
town of Ipswich and consists of a chain of extinct 
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volcanoes with a north-south trend lying adjacent to and 
on the upthrow side of the tectonic scarp which separates 
the Mt. Flinders horst from the Fassifern senkungsfeld. 
The geology of this region has been described in detail 
by H. I. Jensen/** while the physiography has been 
described by the writer/ 10 * 

6. The Glass House Mountains . — This is a group of 
extinct volcanoes situated on the coastal plain of Queens- 
land immediately to the north of the town of Caboolture. 
They have been described by H. I. Jensen/ 11 * who shows 
them to be ranged along two well marked north-south 
lines close to the foot of the eastern scarp of the 
D’ Aguilar horst ; one of the cones, however, Mt. Beerwah, 
is situated on the horst itself just at the top of the scarp. 
The physiographic features of this region suggest that 
the scarp is a fault scarp and Jensen’s description (u> 
of the geology of the region immediately to the north 
shows that in that direction this fault merges into a 
monoclinal fold. 

(e) The Lacoolites of the Ryletone District. 

These are situated a few miles to the north of the 
town of Rylstone near the northern margin of the Blue 
Mountain tableland. The laccolites consist of alkaline 
rocks (tmguaites) which have been shown by J. E. 
Carne <18> to intrude the Triassic rocks of that region. 
The geological evidence, therefore, only shows their age 
to be Fost-Triassic, but on account of their close chemical 
resemblance to the tertiary alkaline rocks they are 
usually considered to be of the same age. These 
laccolites lie along an east-west tectonic line which 
separates the Blue Mountain tableland, whose altitude 
here is about #.000', from the low-lying Qoulburn River 
tableland which lies immediately to the north and which 
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has an altitude of only about 1,450'. The tectonic line 
separating these two regions is partly due to monoelinal 
folding and partly to faulting. The details of the 
physiography of this region will be described by the 
author in a later paper. The Goulbum River tableland 
forms part of a relatively low-lying region which 
stretches right across the main tableland belt of New 
South Wales and separates the northern and central 
tablelands from one another. 

From the above facts it will be seen that all the known 
occurrences of alkaline rocks of Tertiary age in New 
South Wales and south-eastern Queensland are situated 
along important tectonic lines associated with that great 
belt of tablelands which occurs in this region parallel 
to and adjacent to the coast line. The epeirogenic uplift 
which produced these tablelands was a differential one 
and was accompanied by the formation of well-marked 
lines of normal faulting and monoelinal folding, the more 
important of which parallel the main axis of iplift. 
This upward movement is generally considered to have 
taken place at the close of Tertiary time (Kosciusko 
epoch). 

Such evidence as is available indicates that the 
outpouring and intrusion of these alkaline rocks 
occurred prior to the actual uplift of the tableland, but 
their very general situation with an orientation parallel 
to and in some cases actually coincident with major 
Kosciusko tectonic lines implies some causal relation 
between the two. This suggests that lines of tensional 
weakness had already developed in the earth’s crust 
before the uplift and displacement began, and that these 
lines of potential faulting were favourable to the 
intrusion and extrusion of the alkaline rocks. There is 
also the further inference that the vulcanism must have 
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closely preceded the uplift and accompanying faulting 
and that its geological age, therefore, canot be earlier 
than the Late Pliocene, as has previously been suggested 
by the writer from purely physiographies! evidence/ 14 * 
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A POSSIBLE CORRELATION OF CERTAIN 
PRE-CAMBRIAN GRANITES OF AUSTRALIA 
AND SOME DEDUCTIONS THEREFROM. 

By W. R. Browne, d.Sc., 

Assist ant-Professor of Geology , University of Sydney, 

(Head before the Royal Society of New South Wales Dec 7 , ) 

I. Introduction. 

The pre-Cambrian rocks in Australia outcrop over a 
very extensive area, and a considerable amount of 
research has been published on them, but much yet 
remains to be done. Correlations, even withiu the limits 
of a single State, are somewhat difficult, partly owing 
to the absence of fossils, and to the lack of continuous 
outcrops, but partly also owing to incomplete detailed 
field-knowledge and laboratory investigation. Attempts 
have been made both at intra-State and at inter-State 
correlation by various geologists. These all naturally 
have in them some element of speculation, but they are 
of considerable value if only for the purpose of stimula- 
ting research in regard to the problems with which they 
deal. 

It has been pointed out by American authorities that 
since plutonic rocks form such an important part of the 
pre-Cambrian formations correlations should include 
consideration of these as well as of the sedimentary rocks, 
and in Australia attempts have been made not merely 
to divide up the pre-Cambrian rocks of sedimentary 
origin on a stratigraphical basis, but also to distinguish 
epochs of igneous intrusion. It would seem that at least 
two such epochs can be more or less clearly recognised 
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in a number of the State*, and the present paper I* 
concerned with setting forth some of the evidence for 
these and with considering some of their implications. 

II. Distribution and 8tratlgraphieal Correlation of the 
Intrusions. 

Western Australia . 

In W.A. there are strata belonging to Archmosoic and 
to Lower and Upper Proterosoic time, represented 
chiefly by the Yilgarn, Mosquito and Nullagine Series 
respectively. These are separated by unconformities, 
and apparently associated with the diastrophic events 
there were injections of igneous magma both acid and 
basic. Of the earliest of these the exact intrusion-epoch 
is a matter of doubt; it may have been at or just after 
the dosfe of the Yilgarn sedimentation. The rocks are 
gneisses, often garnetiferous. In the earlier reports of 
the Geological Survey these older igneous gneisses have 
not been separated from their associated schists 
of sedimentary origin. A difficulty in regard to 
separating the earlier from some of the later granitic 
intrusions arises from the fact that these latter are them- 
selves sometimes locally gneissic. The later intrusions 
transgress the Mosquito Series, but are not found cutting 
the Nullagine Series, so their advent is placed at the 
close of Mosquito time, when folding of the sediments 
took place. A number of different types of these late- 
Mosqnito granites have been recognised, but they are all 
apparently related. In particular sodic types are found, 
with which are associated certain ore-deposits. The 
late-Mosquito intrusions were on a vaster scale than any- 
thing before or since their time in Australia. In" the 
western pan of the State, south of lat 26° S., they 
range over three degrees of latitude and three degrees 
of longitude, while in the North-West Division in the 
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Aihbofton And Pilbara Goldfields they are widely 
distributed. 

In the Kimberley area pre-Cambrian rocks are found 
in the shape of more or less highly metamorphosed sedi- 
mentary strata with “metapyrigen gneisses”; these are 
injected by granites overlain by a series which has been 
correlated with the Nullagine Series. In this area, then, 
there are apparently representatives of both the 
Archseozoic and the Proterozoic Series and of the older 
and newer igneous intrusions. 

The older granite-gneisses, as well as the newer 
granites, have their equivalents in the eastern part of 
the State about let. 26° in the Warburton and other 
ranges. 

Northern Territory . 

The pre-Cambrian rocks of the Kimberley area 
continue eastwards into the Northern Territory, where 
the existence of two series of metamorphosed rev ks, an 
older and a newer, has been proved. Since these are over- 
lain by lavas, etc., belonging to the Nullagine Series of 
WJL, it is natural to correlate the older or Bynoe 
Harbour schistose series with the Yilgarn Series and the 
overlying or Pine Creek Series with the Mosquito Series. 
Among the Bynoe Harbour rocks augen gneisses and 
hornblende schists are found on the north, in the Pine 
Creek district and Arnhem Land, and farther south in 
the Tan ami Goldfield. The newer series are intersected 
by unstressed granites, regarded as pre-Cambrian, which 
are therefore to be reasonably correlated with the late- 
Mosquito granites. 

In the Macdonnell and Hart’s Ranges' 7 ' the older 
granite-gneisses appear in association with schistose 
rocks, while what would appear to be the equivalents 
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of the late-Mosquito granites form the newer granites 
of the same region. These are characterised by a 
generally massive structure and by the occurrence of 
abundant pegmatite dykes. 

South Australia. 

The pre-Cambrian rocks in the east of W.A. appear in 
the north west of S.A., in the Tomkinson, Mann and 
Petermann Ranges. In the Musgrave Ranges and to 
the south east of them there are granitic gneisses 
intrusive into schists, while a younger, but still pre- 
Cambrian, granite is characteristic of the Everard 
Ranges of the south. 

In liis recently published geological map of the Com- 
monwealth Sir Edgeworth Da\id marks as Proterozoic all 
the granites of Eyre’s Peninsula, with those around Lake 
Gairdner and along and south of the Transcontinental 
Railway. In southern Eyre’s Peninsula the primary 
granite gneisses of the Flinders Series are intrusive into 
the Hutchison schists, and the later Warrow sedimentary 
series is invaded by the unstressed granites of the 
Dutton Series. The age of the Dutton granites is not 
certain, but the other three are pre Cambrian. In the 
neighbourhood of Moonta Hhere is a folded gneissic 
granite, and another, the Arthurton granite, which has 
been less severely stressed, and which is considered to 
be later than the gneiss, though still pre-Cambrian. 

The pre Cambrian rocks underlying the Upper 
Proterozoic Adelaide Series in the region about Adelaide 
have not been stratigraphically divided. Underlying the 
Adelaide Series there may be representatives of more 
than one period of sedimentation, and in any case the 
most altered schistose rocks may well be of Archaeozoic 
age* Among these are granitic augen gneisses of 
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ancient aspect, but in addition the rocks are traversed 
by a later series of intrusives belonging to what Benson 
baa designated the Houghton magma. The rocks of the 
Houghton magma type are not confined to the country 
about Adelaide, for the pre-Cambrian rocks of Yorke’s 
Peninsula are intersected by pegmatitic* granites contain- 
ing ilmenite, and comagma tic types with pegmatites 
rich in ilmenite occur at Mount Painter in the Flinders 
Range, and especially in the north-east at Boolcauiata 
and Olary near the New South Wales border, where 
they occupy a very large area. These granites invade 
schistose rocks which are the equivalents of the Willyamu 
Series of the Barrier Ranges, N.S.W., and are, as there, 
directly overlain by the tillites of the Torrowangee or 
Adelaide Series. Older igneous gneisses are also found 
here, but not abundantly. Mawson considered the 
Houghton magma rocks to l>e probably Arclucozoic, but 
Benson preferred to regard them as Algonkian. 

New South Wales, 

In the Barrier Ranges the Willvama Series of highly 
schistose rocks lias been proved to be pre-Cambrian, 
and is regarded as Archaeozoie. The series is injected 
by at least two distinct groups of intrusions, an older 
series of primary gneisses, acid and basic, and a newer 
and on the w'hole massive series of granites, with which 
may possibly be grouped a series of pegmatites and 
greisens. The newer or Mundi Mundi granites are quite 
different from the older gneisses, but chemically and 
mineralogically resemble very closely certain phases 
of the Olary granite, and there can be little doubt that 
they are comagmatic and contemporanebus. In a recent 
paper (,) I put forward reasons for the view that the 
older igneous series mark the folding of die Willyama 
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Series at the close of Archmoaoic time, and that the 
Mnndi Mundi granites are derived from a magma 
injected in connexion with a diastrophism corresponding 
with that of late*Mosquito time in W.A. 

Queensland. 

In Queensland no equivalents of the Nullagine or 
Adelaide Series have been recognised, and actually it is 
only in the Cloncurry-Camooweal region that there is 
definite evidence of the pre-Cambrian age of the schistose 
and gneissic rocks, where they are unconformably over- 
lain by fossiliferous Cambrian beds. There appear to be 
in this region an older and a younger pre-Cambrian 
series corresponding to the Yilgarn and Mosquito Series 
of W.A. respectively, and the same is true of the 
Normanby Goldfield, and perhaps of Pacing Island. 
These series are distinguished by differences both in the 
degree of metamorphism and in the prevailing strike- 
directions. There appear to be representatives only of 
the older series at Pascoe River, the Hamilton and Coen 
Goldfields, the Cape and Etheridge Goldfields, Dunk 
Island and elsewhere, and of the younger series alone 
at the Gilbert and Woolgar Goldfields and Charters 
Towers. 

In studying the older series some of the investigators 
have evidently been disinclined to differentiate between 
schists and gneisses of sedimentary and those of igneous 
origin; nevertheless it would seem that orthogneisses 
are actually present, as at Croydon, Cioncurry, Chillagoe, 
Einasleigh and elsewhere. Whether these are Archmosoic 
or Proterosoic is doubtful. In view of their very intimate 
association with the schists, which recalls that of the 
W.A. and Broken Hill older gneisses, it may perhaps be 
permissible tentatively to suggest that these Queensland 
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gneisses belong to the diastrophic epoch at the cloee of 
the Archaeozoic. There are younger granites associated 
with some of the metamorphosed areas, but no field* 
evidence as to their age is forthcoming. 

Victoria. 

In western Victoria are schistose rocks regarded as 
pre-Cambrian, with granites, coarsely foliated gneisses 
and pegmatite veins. Whether these intrusions belong 
to the older or newer pre-Cambrian scries is uncertain. 

Tasmania. 

There is an entire absence of acid igneous intrusions 
from the 'Tasmanian pre-Cambrian series of the west and 
north coasts, but pebbles of augen gneiss in the 
Proterozoic schistose conglomerate of Goat Island 
suggest the existence in some places of buried 
Archaeozoic igneous rocks. Newer pre-Cambrian 
intrusions are missing. 


Summary. 

There are, therefore, reasonable grounds, admittedly 
not conclusive in every case, for recognising two pre- 
Cambrian epochs of widespread plutonic intrusion in 
Australia, one at the close of Archseozoie and the other 
about the middle of Proterozoic time, coinciding roughly 
with the diastrophic epochs which closed the Archaeozoic 
and Lower Proterozoic periods of sedimentation. Though 
the main intrusions were, broadly speaking, granitic, 
they were generally accompanied by injections of more 
acid and more basic magma. 

III. Potrelogleal Correlations. 

It is probably more than a coincidence that certain 
of the intrusions thus correlated on stratigraphical 
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grounds exhibit certain common petrological peculiarities, 
this term being used to include characteristics of 
intrusive habit, internal structures and mineralogy. 

The Earlier Intrusions. 

Apart from the presence of accompanying or preceding 
charnockitic intrusions in some places, as in the 
Warburton and Fraser Ranges in W.A., and in 
southern Eyre’s Peninsula in S.A„ the older or late* 
Archeozoic intrusions show no outstanding mineralogical 
peculiarities. 

They are all, acid and basic alike, fairly representative 
calcic types. Certainly some phases of the granites are 
garnet if erous, but otherwise they are normally granitic 
on the whole. A gneissic structure is invariably shown, 
which is, at least in some instances, primary. The 
intimate penetration of the associated schists by 
stromatolithic and lit-parlit injection is also common 
if not universal, but, as stated above, the presence of 
directive structures does not constitute an infallible 
guide as to age. 

In habit and internal structures they all show signs of 
synchronous injection, and they are evidently closely 
connected in time with the folding and metamorphism 
of the sedimentary series which they invade. 

The Later Intrusions. 

In the mineralogy of the later pre-Cambrian intrusions 
certain common characteristics are evident which are of 
some significance. The significant minerals are in general 
such as are produced during the last stages of crystallisa* 
tion, often appearing in the pegmatites, the mineralogy 
of the normal rocks generally showing no peculiarities. 
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In W.A. there are associated with the late-Mosquito 
granites, often in quartzose and albitic pegmatites, tin- 
stone, molybdenite, wolfram, tantalite, rutile and 
minerals containing the rarer elements, like spodumene 
and amblygonite, beryl, monazite, and various uranium 
minerals. In addition there are ores of gold, copper and 
lead. Most of the auriferous deposits, with the possible 
exception of those of the Central Goldfields, are also 
connected with the late-Mosquito granites. 

In the northern part of the Northern Territory in 
association with the later pre-Cambrian granites have 
been found ores of gold, copper, tin, tungsten, tantalum, 
molybdenum and bismuth, in addition to beryl and 
monazite, while from the Macdonnell and Hart’s Ranges, 
and elsewhere in Central Australia, gold, lead, copjier 
and bismuth ores have been reported, as well as ilmenite. 
rutile and beryl. 

For South Australia the Houghton magma has been 
described as being characterised by richness in titania 
and to a less extent in soda. The titania is present 
generally in ilmenite, sphene and rutile. Ilmenite is 
also characteristic of the pegmatites of Yorke’s 
Peninsula. At Normanville the rutile pegmatites also 
contain monazite, and at Olary and 3It. Painter radio 
active ilmenite and other radioactive minerals are found 
in pegmatitic rocks. 

Beryl has been reported from the granites of many 
widely separated localities, as, for example, Boolcamata, 
Mt. Painter, Murray Bridge-Monarto, Williamstown and 
Yorke’s Peninsula. Mention should also be made of the 
copper ores of Wallaroo and Moonta associated with the 
pre-Cambrian Arthurton granite. Molybdenite has been 
reported from Wallaroo and Moonta and wolfram from 
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near Yankalilla, but the associations of these have not 
been recorded. 

In the Barrier Ranges of N.8.W. tin and wolfram are 
associated with the greisens and pegmatites at Euriowie, 
but the geological age of these pegmatites is uncertain. 
Amblygonite has also been found at Euriowie. Entile 
has been recorded from Broken Hill, without, however, 
any mention of itB associations. Mr. E. J. Kenny, of 
the N.S.W. Geological Survey, informs me that ilmenite 
in coarse crystals occurs as segregations in masses of 
sillimanite at Thackaringa, possibly introduced from the 
magma of the Mundi Mundi granite which outcrops close 
by. Beryl is abundant at Thackaringa in one of the 
coarse pegmatites closely related to the Mundi Mundi 
granites, and Mr. Kenny informs me that it has been 
found by Mr. Mawby in similar rocks 4 miles N.W. of 
Broken Hill. Mr. Kenny has also called my attention 
to the association of veins of apatite in places with the 
Mundi Mundi granites, a circumstance which imme- 
diately recalls similar occurrences in South Australia. 

It is perhaps pertinent at this point to discuss the 
age of the mineralisation in the Barrier Ranges of N.S.W. 
which was responsible for the silver lead, zinc and copper 
ores. This has generally been assigned to a late stage 
in the epoch of intrusion of the older gneisses. But the 
mineralizing solutions which produced the Broken Hill 
lode and other lodes were introduced along longitudinal 
shear-zones through Willyama schists, and have replaced 
not merely schists but pegmatites which are themselves 
unstressed, and which therefore postdate the shearing. 
The older granitic and basic gneisses are traversed both 
longitudinally and transversely by shear-zones, so that 
these latter have clearly postdated the consolidation of 
the gneisses. It would appear, therefore, that the ore- 
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bodies were formed much later than the older gneisses 
and in connexion with some igneous intrusion which 
postdated the shearing. In an earlier paper <#> I 
attempted to show that the shear-cones were formed 
during a Proterozoic diastrophism. Mr. Andrews has 
shown that the loci of intrusion of the Mundi Mundi 
granites were controlled largely by the positions of 
these shear-cones, and it would appear at least possible 
that the silver-lead, zinc, copper and other deposits were 
introduced in connexion with these later more acid 
intrusions. Erosion has as yet revealed comparatively 
few and widely scattered outcrops of them, mostly well 
to the west of the meridian of Broken Hill, and it may 
be that the granite intrusions extend a long way over 
to the east of the existing outcrops but beneath the 
present surface. Actually many of the more western 
lodes are in at least as close contiguity to the Mundi 
Mundi granites as they are to the older gneisses. Nowa- 
days it is recognised that in general ore-depos»t« like 
those of Broken Hill are emplaced either above or peri- 
pherally to the igneous intrusions with which they are 
connected, the ore-bearing emanations having travelled 
outwards or upwards beyond the limits reached by the 
main mass of magma. But the Broken Hill lode stands 
in neither of these relations to the older gneisses with 
which it is surrounded, and it and the outlying lodes 
might well be connected with an easterly underground 
extension of the Mundi Mundi granite. 

It should be mentioned here that Mr. E. J. Kenny,* 
has arrived at practically the same conclusion as that 
enunciated above regarding the age of the mineralisation, 
and by similar reasoning. He, however, classes the 
Mundi Mundi granites as Archeozoic. 

• Verbal communication from Mr. Kenny. 
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In Queensland in the areas where pre-Cambrian rocks 
outcrop age-relations between these and the ore-deposits 
do not seem to be always clear. A perusal of the 
Queensland Mineral Index reveals that titanium and 
beryllium minerals occur in some of the goldfields 
associated with pre-Cambrian rocks, but there is nothing 
on record as to the geological age of the igneous rocks 
with which they are connected. 

Sir Edgeworth I)avid (5) is of opinion that the hwmatite 
deposits of various parts of W.A., of Iron Knob, etc., in 
S.A., and of the Cloncurry district (Q.), may have been 
derived from the magmas of the later granites. 

IV. Meta Oogenetic and Petrographical Regions. 

It has been suggested**' that the late-Mosquito 
intrusive epoch was also Australia’s most important 
metallogenetic epoch, and if the correlations indicated 
above are valid a great part of this continent was what 
might be called a late-Mosquito metallogenetic region, 
if such a region be defined as including the areas wherein 
during a given epoch of igneous activity the igneous 
intrusions or extrusions were accompanied by the 
magmatic deposition of ores. And if account be taken 
not merely of the ore-deposits but of the other common 
mineralogical and chemical peculiarities which have 
l>een enumerated above, the conclusion seems inevitable 
that these rocks were all derived from the same magma- 
reservoir, and that a good part of Australia constituted 
a great petrographical region in late-Mosquito time. As 
our knowledge of these rocks is increased it may be 
possible to recognise within the region a number of 
metallogenetic and petrographical provinces, each marked 
by some special peculiarity, chemical or mineralogical. 
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V* Former Extent of Lower Proterozoic Strata. 

In a previous paper <8) the view was advanced that the 
presence of the outcrop of a bathylith implied the former 
existence of a sedimentary series, in connexion with whose 
folding and uplift the intrusion of the bathylith occurred. 
On such grounds the outcrops of the Mundi Mundi 
granite in the Barrier Ranges were considered to be 
evidence of the former presence in that region of a Lower 
Proterozoic series, the time-equivalents of the Mosquito 
Series of W.A. The argument may be extended 
considerably, for there are very large areas of late- 
Mosquito granite outcrops unaccompanied by sediments 
of Mosquito age. This point is emphasised by an 
inspection of the geological map of Australia, and apart 
from those beds which are buried beneath more recent 
deposits it would appear that the remnants of beds of 
Mosquito age which are left occupy only a very small 
fraction indeed of the area originally co\ered by the 
Lower Proterozoic sea and its sediments. That some 
of the enormous amount of implied erosion occurred 
during Proterozoic time is shown by the fact that the 
Mundi Mundi and Boolcamata granites are overlain 
directly by the sediments of the Upper Proterozoic 
Adelaide (Torrowangee) Series. The same is true for 
the Musgrave-Everard Range country and for some parts 
of W.A., showing that the late Mosquito diastrophism 
was succeeded by pronounced uplift, and that a pro- 
longed period of erosion preceded the deposition of the 
Upper Proterozoic strata. 

VI. General Summary and Coneluaion. 

An attempt has lieen made to show that : 

(1) An earlier and a later period of igneous 
intrusion accompanying orogenic movement may 

V — December 7, If SI. 
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be recognised in the pre-Cambrian throughout 
Australia; 

(2) the intrusions of the first epoch (late- 
Arclneoxoic) were of the nature of synchronous 
gneissic intrusions with much lit-par-lit and 
stromalolithie injection, but without any dis- 
tinctive mineralogical characteristics; 

(3) the second series of intrusions was far more 
widespread and of far greater volume; 

(4) the characteristics of these later intrusions 
indicate that much of Australia formed a metal- 
logonetic and petrographical region in Protero- 
zoic time; 

<*>) from the extent and distribution of these 
granites it is possible to deduce a former very 
wide extent of Lower Proterozoic strata in 
Australia, most of which lm\e since disappeared 
through erosion. 

Pre Cambrian correlation in Australia, whether of 
sedimentary or igneous units, ill probably never be 
final and beyond peradventure. Comparison of the sedi- 
mentary units will be mainly by the evidence of super- 
position, unconformities, lithology and degree of meta- 
morphism. For the comparison of the igneous rocks 
peculiarities of mineral and chemical composition and 
even of structure provide criteria which may be 
suggestive and useful, though by no means final or 
infallible. 

In the foregoing notes there is much that is tentative 
and hypothetical, but since in the absence of rigid 
criteria of correlation the methods of trial and error 
and of testing out hypotheses must necessarily be 
employed, it is hoped that this paper may serve a useful 
purpose. 
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EREMOPEILA MITCHELLI (BENTHAM). 
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(Read befoie the Royal Society of New South Wales, Dec 7, 19SB ) 

Eremophila Afitchclli is a tall shrub or small tree 
belonging to the K.O . Myoporacecc, which attains a 
height of 20 to 30 feet and bears in the spring a wealth 
of white sweet-scented flowers. It is known vernacu 
larly as Buddah Wood, Bastard Sandalwood or 
Budtha and its botanical characteristics are recorded in 
Bentliam’s “Flora Austral iensis”, Vol. 5, p. 21, and very 
graphically in Maiden's “Forest Flora of New South 
Wales'’, Vol. 7, p. 211. Its occurrence was apparently 
first observed by Sir Thomas L. Mitchell on January 9, 
1846, at Muda, 26 miles south of Nyngan, on the Bogan 
River, New South Wales, and his interesting and original 
description is given in his “Tropical Australia'’, p. 31, 
published in 1848. 

The tree, which has not been known to exceed a height 
of 25 to 30 feet, with a diameter of 12 inches at the butt, 
was stated by R. H. Cambage to be one of the strongest- 
scented woods of the western districts of New South 
Wales. It has been cut for commercial purposes and 
exported, presumably to the East. The Secretary of the 
l Queenslaxid Forest Service reported that 33 tons of wood 
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bad been cut in Eidsvold and Hughenden districts of 
Queensland in 1924, but although royalties were paid, its 
destination was not known. The tree is found in the 
drier parts of New South Wales, Queensland and South 
Australia, although it is not entirely confined to these 
parts. In the western districts of New South Wales it 
is widely distributed, notably on the Bogan, Narran, 
Lachlan and Darling rivers. We are indebted to the 
Queensland Forest Service for an account of its distribu- 
tion in Queensland: “ Eremophila Mitchclli is a very 
common tree of western Queensland. It attains a maxi- 
mum diameter of about 12 inches and is much more 
prevalent than Sasntalum*, with which, on account of its 
name, sandalwood, it is often confused. The tree is found 
to the west of the Great Dividing Kange. being recorded 
from Inglewood, Dalby and elsewhere in the Maranon 
and Darling Downs districts, through inland areas to the 
west of Rockhampton and from Townsville to Charters 
Towers and Hughenden. It would Ik* a valuable asset 
to this State if a market can be found.” 

The scented nature of its wood has been observed and 
commented on for many years, but it was not until 1923 
that Dr. T. L. Bancroft, of Eidsvold, Queensland, sub- 
mitted a log to the Technological Museum, Sydney, for 
investigation of its essential oil. The examination was 
commenced immediately, but the elucidation of its 
chemical constituents proved difficult and has only been 
completed recently. The oil will probably prove of 
economic value since a sample submitted to the Editor of 
“Perfumery and Essential Oil Record”, was reported 
upon as follows ( Perf . Essent. Oil Hec., January, 1990/ 
p. 80) : “The oil is rather dark in colour and somewhat 


♦ Santalum lanceolatum is referred to. 
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viscid, and whilst it cannot provide the usefulness of 
sandalwood oil, it has remarkable qualities which place 
its value in line with those of fixative balsams. It has 
not a strong odour, but is soft with a suggestion of 
geranium to l>ergamot balsamic backing. Most notice* 
able is its agreeable character and its lasting quality 
on exposure in different atmospheres on paper strips, 
similarly when pounded into soap chips and exposed it 
was extremely persistent. The odour has a softening 
influence on those inclined to be harsh, even para-cresyl 
methyl ether was nicely subdued by it. Therefore, the 
oil has marked blending and fixative properties that 
should be found useful, particularly in the production of 
the cheap soap perfumes so much required to-day.” 

Hincc the submission of the first log, further logs have 
been received from Eidsvold, as well as from Tallabung, 
via Condobolin, Bourke, and Narrabri, New South Wales, 
and from the Queensland Forest Service from Dalby, 
Inglewood and Rockhampton. For the separation of the 
oil the logs were reduced to shavings, the plant at our 
disposal not being suitable for the production of saw- 
dust, and the oil was removed by prolonged distillation 
in steam, the average yield being 2 to II per cent. Lower 
yields were obtained in many instances, but subsequent 
examination showed that this was due to the condition 
of the shavings. On a commercial scale the methods 
adopted for the manufacture of sandalwood oil from 
tiuearya tpioata would have to be adopted. 

The oils so obtained were in all cases dark reddish 
brown in colour, possessed a characteristic somewhat 
sweetish odour and were extremely viscid. As will be 
seen from the results reeordtnl on p. 426, the constituents 
could- not be separated by fractional distillation, but 
ultimately by methods to be described, three substances, 
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which form the maiu constituents of the oil, were 
separated : (i) a ketone, t\ a H #a O, m.p. 41°-42°, for which 
the name eremophiione in proposed; (ii > n hydroxy 
ketone, 2 -hpdroxyeremophilonr, C I5 II aa O„ m.p. «tf°-67°; 
and (iii) a second hydroxyketone. 2 * h ydrosy-'J-dih ydro- 
eremophiione , C lft H 24 C> 2 , m.p. 103°. On ewdence which 
will be published elsewhere/ the ketones have l>een found 
to be represented by the following formula*: 
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Whilst eremophiione and 2-hydroxyeremophilone do 
not appear to have been described previously, it is prob- 
able that 2-hydroxy-2-dihydro-ereraopbih)ne occurs also 
in the oil from Santalum I'rciuxUin urn fron Houth 
Australia. In this connection s«*e (Jildcmeister and 
Hoffmann's ‘‘The Volatile Oils**, Vol. 2, p. 3o0, and also 
E. J. Parry’s “Chemistry of Essential Oils and Artificial 
Perfumes*’, Vol. 1, p. 183. (San in l inn Frcixuian u m is 
now’ known as Funenu* acvniinatux.l 

For the separation of the ketones, two methods have 
been elaborated. The first depends on the observation 
that the oil is partially soluble in hot sodium bisulphite 
solution and after removal of the nnreaoted jiortion, 
which contains 2-hydroxy-2 dihydroeremophilone, the 
other two ketones can be regenerated by fractional 


* The evidence upon which the structure of these substances 
is based, together with the analytical data for the ketones and 

their derivatives, will be published in a paper in the Journal 
of the Chemical Society. December, 1932. 
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decomposition with alkali, 2-hydroxyeremophilone being 
liberated first. This method of separation has two draw- 
backs, firstly, much of the ketones is lost, owing to the 
formation of soluble sulphonates, which are not decom- 
posed by alkali, secondly the quantity of alkali required 
in each stage of the fractional decomposition varies, 
naturally, with different batches of the oil, since their 
composition is not identical. It is necessary, therefore, 
to determine the optimum conditions in each case. For 
the separation of large quantities of the ketones in a 
fairly pure condition it has, however, the advantage over 
the second process of being more expeditious. In the 
second process the oil, after a preliminary distillation 
to remove resinous material, is treated with an excess 
of semicarbazide acetate with which only eremophilone 
reacts readily. Eremophilone semicarbazone can then be 
isolated, purified by crystallisation and the ketone 
regenerated by hydrolysis with oxalic acid and steam 
distillation From the oil which does not react with 
semicarbazide acetate, 2-hydro\yeremophilone was 
separated by taking advantage of the fact that it forms 
a crystalline benzoate, which is readily purified, and from 
which the pure ketone can be obtained by hydrolysis 
with alkali. This method has the advantage of yielding 
very pure products, but the steam distillations involved 
in the process (see p. 431 > render it tedious. 

In addition to the ketones referred to, the oil contains 
a small quantity of an unidentified sesquiterpene hydro- 
carbon, and other constituents, probably sesquiterpene 
alcohols, which have not been obtained pure. The. per- 
centage of these is, however, small. 

These minor constituents will be more fully investi- 
gated at a later date. 
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Experimental. 

Shavings (1,963 lbs.) obtained from logs from various 
localities in New South Wales and Queensland were 
subjected to steam distillation and the oils examined, 
with the results shown in Table I. It will be observed 
that the physical constants show comparatively little 
variation although the ester \alue and the solubilities in 
alcohol show marked differences. Unfortunately the oils 
were, in most cases, too deeply coloured for the optical 
rotatory power to l>e determined. Although, as already 
mentioned, the constituents of the oil could not be 
separated by fractional distillation, it is of interest to 
record the results obtained in one distillation, 300 c.c. 
of oil being used. 


Table II 


No 

B V. (3 mm ) 

,15* 

d l5’ 

20° 

"D 

20° 

a 

D 

Yield. 

l 

Up to 130° 

0 9859 

1 5169 

-83-0' 1 

20 o.c 

2 

I30°-I40° 

1 0164 

1 5252 

1 -55-2° 

37 c.c 

3 

I40°-150 

1 0203 

1*5280 

-4S-2 4 

80 c.c 

4 

150-133° 
j R« *l<luo 40 c c 

1 0207 

1 5346 

- fl-2° 

100 c.c 


Fraction 4 was redistilled with the following results: 
Table III. 


No 

B.P. (3 mm.). 

m 

-r 

20° 

*l> 

Yield. 

4A 

Below 153° 

1*0205 

1*5260 

—51*0° 

12 c.c. 

4B 

153°-165* 

1*0281 

1*5328 

— 21*5° 

65 c.c. 

4C 

Residue 

1 0486 

1*5455 

+61*6° 

16 o.c. 














THE ESSENTIAL OIL FROM ERBMOPHILA MITCHKLLI. 427 

Separation of Eremophilone, 2-hydroxyeremopliilone and 
2-hy d roxy-2-d 1 hyd roeremoph I lone. 

Method I. With Sodium Bisulphite. 

A mixture of the crude oil (100 c.o.), sodium bisulphite 
(60 g.), and water (200 c.e.) was boiled under reflux 
for two hours, one hour being required for complete 
emulsification. The cooled solution was extracted with 
ether to remove unreacted oil and then treated with a 
large excess of sodium hydroxide solution (20%' h when 
the ketone separated. This was dissolved in ether, the 
ethereal extract dried and the solvent evaporated. A 
viscid yellow oil was obtained which was pur Hied by 
distillation under diminished pressure, when it was 
found that the ketone from different preparations showed 
varying properties, as will Ik* seen from the following 
typical results. 


Tablf 1\ 



1 . 

11 

III 

IV 

V 

b.p. 

157M587 

159 - 1607 

160 -]03 r / 



,15° 

d 15° 

4 mm. 

6 mm 

5 mm. 



1007 

1 00.18 

1-024 -10316 

1 0333 

1 0058 

20° 

n n 

1-524 

1 5224 

1-5332-1 3375 

1 -5381 

1-5210 

20° 

a i> 1 

144° 

-168 0° 

— 28 J to —53® 

0-0° 

-162-4 e 


(Fraction 3 refers to different samples of the same 
b.p. prepared from Rockhampton wood 7/10/31.) 

The reparation of fractions having approximately the 
same b.p.. but showing such wide differences in their 
rotatory power, suggested the presence’ of two ketones, 
although it also apjwared possible that the change in 
rotatory power might have been due to partial racemisa* 
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tion during the distillation. The variation in the refrac- 
tive index (1*5220 to 1*5380) did not, however, support 
this view. Ultimately the separation of a dewtro - and a 
tawo-rotatory ketone was accomplished by the compara- 
tively simple process described below. 

In one experiment the crude oil (400 c.c.) from the 
Rockhampton wood was digested as described above 
with sodium bisulphite solution, and, after removal of 
the unreacted oil, the bisulphite solution was treated 
with successive quantities of sodium hydroxide solution 
(25%), when four fractions of ketone were obtained, the 
results being summarised in Table V. 


Table V. 


No, 

NaOH Added. 

Yield of Ketone. 

20° 

a 

D 

1 

250 c.c . 

67-5 g 

Solidified before 




constants could 




be determined. 

2 

250 c.c. 

44- 0 g. 

— 106*8° 

3 

250 c.c 

44 5 g. 

- 148*0° 

4 

500 c.c 

4 5 g. 

-100*0° 


A sample of oil (100 c.c.) from the Narrabri wood was 
treated similarly with the results shown in Table YI. 


Table VI. 


No. 

1 

NaOH 

Added. 

Yield of 
Ketone. 

n 20» 

n 

20° 

s 

i» 

1 

200 e.o. 

H O g. 

! 

1*5395 

4- 17*2° 

2 

200 o.o. 

12 0 g. 

1-5276 

-102*0° 

3 

200 o.o. 

9*5 g. 

1*5229 

-164*0° 

4 

250 c.c. 

2-5 g. 

1*5266 

-142*0° 














THE ESSENTIAL OIL PROM EREMOPHILA MITCHELLI. 429 

Eremophilone. 

This ketone was readily isolated from fractions 2 and 3 
(Table V) and from fractions 3 and 4 (Table VI). These 
fractions were freed from a little resinous matter by 
distillation under diminished pressure, when fraction 3 
(Table VI) had the following constants: b.p. 
157°-158°/4 mm., 1*0058, n* D »' 1*5224, a D -168*6°. 

Fractions 2 and 3 (Table V) crystallised almost at once 
after distillation, the solid having m.p. 35°-36°, 
[o] d ~139*5° [in chloroform). The solid was freed from 
oil by filtration and recrystallised from ice-cold methyl 
alcohol, when it separated in long prismatic needles, 
m.p. 42°-43°, [a] D -171*6° (in ethyl alcohol), [a] 5m -207° 
(in methyl alcohol). As mentioned already, eremophilone 
has the composition F 18 H 3a O, and its alcoholic solution 
gives r»o colour with ferric chloride. 

2-Hydroxyeremophikme. 

For the separation of this hydroxy-ketone fraction 1 
(Table V) (62*5 g.) was freed from oil by suction at the 
pump when the crystalline solid which remained (38 g.) 
was readily purified by recrystallisation from methyl 
alcohol, from which it separated in prisms, m.p. 66°~67°. 
In chloroform solution it had [a] D *- 140*5° and in methyl 
alcohol solution [o] 54ai + 153°. This hydroxy-ketone, 
0 l6 H 22 O>, differs from eremophilone in that its alcoholic 
solution gives with ferric chloride an intense brownish- 
black coloration. The same ketone was isolated from 
fraction 1 (Table VI). 

2-Hydroxy-2-dihydroeremophUonc . 

The oil, which did not react with sodium bisulphite, 
crystallised partially on keeping in the ice chest for 24 
hours. The solid was collected at the pump, drained on 
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porous porcelain to remove adhering oil and purified hy 
repeated crystallisation from methyl alcohol, when it 
was obtained in very beautiful long prisms, m.p. 
102V103 0 , [a] D + 90*6° (in chloroform), [a] #46l t 94° 
(in methyl alcohol), having the composition C 1# H 24 O a . 
This substance was also isolated direct from the crude 
oil distilled from logs from Inglewood, 23/9/30. The oil 
on standing in the ice chest for several days deposited 
over 70 grams of the crude hydroxy ketone. 


Method //. With Semicarbazide icetate. 

To an aqueous solution of semicurbazide hydrochloride 
(35 g.) and sodium acetate (40 g.) the crude oil (Ingle- 
wood), freed from resin by distillation under diminished 
pressure, was added, together with sufficient alcohol to 
give a clear solution. After remaining at room tempera 
ture for three days, the alcohol was removed on the water 
bath and the residue poured into water. After standing 
for some hours the clear aqueous solution was decanted 
from the gum, which was washed several times with 
w’atcr and then transferred to a bottle and shaken 
mechanically with a small quantity of sodium hydroxide 
solution and light petroleum for two hours. A consider- 
able volume of light petroleum was then added and the 
agitation continued for a further three hours. The 
solvents wen* decanted from the gum, which was washed 
with winter and allowed to remain overnight with a fresh 
quantity of light j>etroleum. The gum, winch was now' 
mainly crystalline, was collected at the pump, washed 
with light petroleum and dissolved in the minimum 
quantity of hot methyl alcohol, when, on standing, a 
colourless crystalline solid was deposited, consisting of 
nearly pure eremopkilone sem tear ba zone. (Yield 13 g.) 
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The combined light petroleum washings were well 
washed with water, dilute sulphuric* acid, once more with 
water, dried and allowed to stand, when a further 
quantity of eremophilone semicarbazone (6 g.) separated. 

In another experiment using Rockhampton oil (third 
distillate) (100 g.) 27 g. of eremophilone semicarbazone 
were obtained. A further quantity of the nearly pure* 
semicarbazone can be isolated by fractional precipitation 
from the methyl alcohol mother liquors by the addition 
of water. Eremophilone semicarbazone crystallises from 
methyl alcohol in concentric clusters of needles in.p. 
202°-203°. 

For the preparation of the pure ketone the semi 
carbazone was suspended in water, and after the addition 
of a slight excess of oxalic acid and a small quantity of 
alcohol the mixture was heated on the water hath under 
reflux for two hours. The liberated ketone was then 
removed in steam, the yield being quantitative. 
Eremophilone so obtained was an almost colourless oil 
b.p. 171°/15 mm., d*f 0 0-9994, n* a " 1-5182, a %|fcl -184% 
® 5 T 8 o — 158°, which on inoculation crystallised in needles 
and was identical with the ketone prejmred as descrilied 
on p. 429. The optical rotatory power was found to vary 
somewhat in different preparations, tlx* lowest observed 
value being [a] 54fll -132° (in methyl alcohol), and the 
highest [a] M6 i-207° (in methyl alcohol). This was not 
due to the presence of 2-hydroxyeremophilone since the 
ketone gave no colour with ferric chloride in alcohol 
solution. 

The light petroleum solutions from several such 
preparations of the semi-earbazone were combined, the 
solvent removed and the residual oil distilled in steam, 
some twenty litres of water being required for 60 g. 
of oil. The residue in the distillation flask was a red 
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resin from which a further quantity of eremophilone 
could be obtained by hydrolysis with oxalic acid, as 
described above. 

The oil (60 g.), which was volatile in steam, was 
isolated by extraction with ether in the usual manner 
and purified by distillation under diminished pressure 
(20 mm.), when the following fractions were obtained: 
(i), 175°-180° (11 g.); (ii), 180°-185° (8 g.) ; (iii), 
185°-195° (37 g.). Fraction (1) was repeatedly refrac- 
tionated when ultimately a fraction b.p. 150°-153°/24 
mm. was obtained which analysis (found: C, 85*5, H, 
11*3%) showed to consist essentially of a hydrocarbon. 
It had the following constants: d*£* 0*9354, n* 5 * 1*5033. 
Attempts to prepare crystalline derivatives have so far 
proved unsuccessful. 

Fraction (iii), b.p. !$5°-195°/20 mm., consisted essen- 
tially of 2-hydroxyeremophilone; on redistillation it 
passed over almost completely at 188 c -190°/23 mm . as a 
pale yellow oil giving an intense colour with ferric 
chloride in alcohol io solution. For the preparation of 
pure 2-hydroxyeremophilone, the oil (20 g.) was dis 
solved in dry pyridine (70 c.c.) and to the cooled solu- 
tion (salt-ice) benzoyl chloride (13 g.) was gradually 
added. After remaining overnight the reaction mixture 
was heated on the water bath for one hour, cooled and 
poured on to ice. The red oil which separated was 
dissolved in ether, the ethereal solution washed succes^ 
aively with water, dilute sulphuric acid, sodium 
carbonate solution and water, dried over calcium 
chloride and the solvent removed. The residual oil was 
distilled in a high vacuum (1 to 2 mm.) when, after a 
small fraction had passed over below 200°, the greater 
part distilled at 200°-220° as a viscid gelatinous oil. 
This was dissolved in hot methyl alcohol and the colour- 
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less crystalline solid, which separated on cooling, 
collected. 2-Hydroayeremophilone benzoate , m.p. 119°- 
120°, crystallised in glistening prisms. By the hydrolysis 
of the benzoate with alcoholic potassium hydroxide in 
the usual manner, 2-hydroxyeremophilone was obtained 
as a very viscid, pale yellow oil, b.p. 189°-190°/22 mm., 
dff: 1*0620, n”’ 1-5564, [a] 546l + 153° (in methyl alcohol). 
It crystallised on inoculation and was identical in all 
respects with the hydroxyketone described on p. 429. 

The methyl alcoholic solution from which the crystal- 
line benzoate had been separated contained a liquid 
benzoyl derivative. This was hydrolysed with an 
alcoholic solution of potassium hydroxide and the 
product, isolated in the usual manner, was an oil, which 
on distillation under diminished pressure (20 mm.), was 
separated into two fractions: (i), b.p. 175°~180°, 
n*j 5 ° 1-5275, [a] B4ni + 67° (in methyl alcohol); (ii), 
b.p. 180°-185°, n* 8 ° 1-5372. The quantity of the two oils 
was insufficient for further investigation. 

We are indebted to the Government Grants Committee 
of the Royal Society and to Imperial Chemical Industries 
for grants which have in part defrayed the cost of this 
investigation. 

Our thanks are due to Mr. F. R. Morrison, A.A.C.I., 
Assistant Economic Chemist, Sydney Technological 
Museum, for much assistance in the distillation of the 
pils from the wood and the determination of the chemical 
and physical constant of the crude oils. 

We are also greatly indebted to many friends who 
furnished supplies of raw material, particularly Dr. T. L. 
Bancroft, Eidsvold, Q., the Queensland t Forest Service, 
and Mr. Gordon Burrow, District Forester, Naraabri, 
N.8.W. 

W — December 7, IMS. 
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AN EXAMINATION OP THE VALIDITY OF 
CONCLUSIONS DRAWN FROM EXPERIMENTS 
IN WHICH THE ALLANTOIC MEMBRANE OF 
THE CHICK IS EXPOSED TO X RADIATION * 

By Wahnford Moppbtt, M.D., Ch.M. 

(With Plate IX and Seven Text-figures.) 


(Read before the Royal Society of New South Wales, Dec. 7, if it.) 


Intboduction. 

In a thesis 9 * 11 > on the reaction of the allantoic membrane 
of the chick to homogeneous X radiation produced by 
crystal diffraction, there were two main objects, 
“adapting the X ray spectrometer to biological purposes 
and obtaining and proving X ray effects” and “seeing 
whether such effects occurred uniformly or selectively at 
certain wave lengths.” 

The first requirement involves a very fundamental discovery 
because the energy available is extremely small, whilst there 
is no extraordinary sensitivity to mixed radiation. 

To establish selective action, the X ray spectrum was explored 
in duplicate from 0*1 to 1 A. at approximately 0*1 A. intervals. 
These separate series of experiments were also made by different 
and simpler methods. In a later paper™ a systematic explore 
tion from 0*8 to 1 A. at 0*05 A. intervals was included and 
investigation was extended to 2 A. Of a total of 120 experi- 
ments only 8 were Inconsistent with the graphical representa- 
tion employed and the experimental aspect of selective action 
is a probability which is indicated roughly by the factor 117/120, 
apart from supplementary evidence. 

9 This work was carried out under the control of the Cancer 

Research Committee of the University of Sydney and with the 

aid of the Cancer Research and Treatment Pund. 
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It was thought advisable at this stage to work on various 
other problems. Antagonism, » Area,** Time,® which called for 
investigation partly because they appeared necessary to solve 
certain practical problems of selective action and partly because 
of their possibly greater intrinsic importance. 

Mouse skin, frog skin and in vitro cultures® were exposed to 
homogeneous rays to determine the scope of the work and 
Anally tumour tissues® were exposed to a graduated series of 
radiations of varying homogeneity to indicate the possibility of 
future clinical application. 

All the above extensions of the original problem depend on 
the first and more fundamental objective in the thesis, for 
which the evidence is conclusive. Although independent in 
this way of “selective action'* there can be no doubt that all 
the phenomena are different forms of the one problem. 

About a year ago, on the completion of a radiometer,® 
matters were favourable for resuming work on the allantoic 
membrane, and the question arose whether it was better to 
commence a new problem or to revise the older work since, 
unfortunately, there had been no serious attempt to repeat 
any of the experiments elsewhere. 

By a happy compromise it was possible to combine the two 
aspects, but before describing experiments I will outline and 
discuss some of the points raised in the previous work.® 

1. Control egg windows should show no reaction. 

2. Homogeneous radiation in suitable dose should cause 
a reaction. 

3. Mixed radiation in a much larger dose should cause 
no reaction. 

4. A small dose of (homogeneous) radiation causes 
no reaction. 

5. An intermediate dose of (homogeneous) radiation 
causes hypertrophy or stimulation. 

6. A large dose of (homogeneous) radiation causes 
atrophy or destruction. 

7. Selective action. 

Etc. 

Commenting on the above: 

1. Controls imply those eggs from which “windows’* were 
removed in the manner described® and which as far as possible" 
were treated at the some time and in the same manner as the 
corresponding irradiated specimen. During the Investigation 
of selective action 80 were employed (one to every four expert- 
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ZQUKti), mainly In groups at the early part of each exploration 
of the spectrum. 

None of the above showed any reaction and some were of 
special value as they reposed in the second compartment of a 
hot box used for irradiation. a) If one assigns the probability 
of | to the right interpretation of a single experiment the chance 
of error in 30 consistent experiments is 1/100,000,000. 

It was known, however, at quite an early stage that specimens 
in which the window was kept open for say 12 hours or 6 
times the usual period, might show small nodular thickenings 
situated peripherally near the shell margin and suggesting 
reaction to the injury of cutting the window. Such long 
exposures raised the usual mortality of 30% to over 90% 
and this work was discontinued until recently, when long 
exposures were required for the investigation of p ray action/” 
Marginal reactions were obtained here, but experience and 
perfection of technique enabled one to obtain some controls which 
showed no reaction after 4 days’ continuous exposure. Subse- 
quent experience has shown that the antiseptic effect of a slow 
leakage of emanation may have been of assistance. 

2. During the first few weeks of my systematic exposure of 
prepared eggs to homogeneous radiation, I obtained small round 
nodular thickening in the allantoic membrane which bore so 
little relation to the cross section of the incident beam that I 
doubted the causal relationship of the radiation. I was con- 
vinced when, after a long series of dead specimens, I obtained 
large reactions approximating to the contour of the spectrometer 
slit at what appear to be the more effective wave lengths. Later 
on I had great difficulty in producing “geometrical” reactions, 
and a laborious research showed that firstly an adequate dose 
was necessary because a small dose tends to give the nodular 
reaction in the centre of the irradiated area. It was also found 
that there was an overflow of reaction and a rounding off of 
angles so that geometrical reactions could only be produced on 
a certain minimal scale of sise. For some time it was the 
practice to turn the egg window so that the incident beam 
would fall obliquely and cover a large area. 



P 

Fig. 1. 
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In the above Fig. 1, A represents the Incident beam, B the 
small central nodule, C the “geometrical" reaction at normal 
incidence, D the incident beam at oblique incidence, E the 
reaction distorted owing to the curvature of the egg, and F 
the further distortion obtained because an egg naturally lies at 
a slope (<*>, Fig. 8). The latter obliquity was often deliberately 
emphasised as a contrast to Bpurious reactions, G, which tend 
to run parallel to the shell margin. 

I will not discuss microscopic appearances in this paper because 
it is a first essential that any reaction should be satisfactory 
from the point of a general naked eye view. To quote from the 
thesis, “the reaction should be centrally placed (unless the 
rays are directed elsewhere) and surrounded on all sides by 
normal membrane continuous over the sawcuts in the shell." 

A perusal of my previous papers®®®® will Bhow that a 
considerable number of reactions have been obtained In the 
allantoic membrane attributable to homogeneous radiation. 
There is a small variation in individual sensitivity expressed 
as a variation of 20% to 30% in threshold dose, and keeping 
the energy within such limits one would obtain equal numbers 
of reactions and blanks. It is also easy to place the egg in a 
faulty position so that the rays partly or entirely miss the 
window, but with wider experience it was found that a reaction 
is always produced if the dose is adequate. About 27% of the 
exposed specimens showed no reaction but only consisteM with 
an inadequate dose or non-effective wave length. 

8. Although the exposures to mixed radiation were rather 
few in number, the resistance is so great compared with that 
of homogeneous radiation, 1,000/1, that any failure to react 
was a most arresting phenomenon. 

Of course, with sufficient dose one could produce mixed ray 
reaction, but I wrongly supposed that the atrophic reaction® 
was characteristic of homogeneous radiation only. At the 
suggestion of Professor Vonwiller I gave a series of short 
exposures to mixed radiation without result to exclude a sons 
phenomenon. 

4 and 5. Number 4 requires no explanation, but it will be 
necessary to define carefully the meaning of the word stimu- 
lation in Number 6. Firstly, it is not to be confused with the ^ 
word stimulus as used by physiologists. Stimulation implies 
increased activity (as a result of a stimulus) but the meaning 
is here restricted to mitotic activity resulting in the production 
of new celts. It is quite unne ce ss a ry to demonstrate mitosis 
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because there is an obvious increase in the number of cells 
of both mesenchyme end epitheli a as compared with the average 
or undisturbed condition. 

I would be more cautious in distinguishing between primary* 
stimulation and stimulation secondary to injury , that is cellular 
destruction and not a hypothetical physico-chemical injury. The 
evidence for the former is the quick appearance of the reaction 
(in three days) and its steady growth over shorter periods. 
There is also an absence of microscopic evidence of degenerative 
change in many examples of small and purely hypertrophic 
reactions. 

6. No one will doubt that any intense stimulus applied to 
living tissue will produce atrophy or necrosis, and this is well 
borne out in the X ray effects wheie the membrane may wither 
to an amorphous sheet in 4 days. There is a doubt, however, 
as to whether atrophy is primary or secondary to nutritional 
disturbance 

1 will not digress fiom the scope of this papei by a discus- 
sion of the above, beyond the statement that both factors play 
a part I will also avoid the question of atrophy or hyper- 
trophy producing wave lengths and assume that the radiation 
under discussion will Hist produce hypeitiophy and then atrophy. 
This furnishes two thresholds for pui poses of measuring, but 
owing to the complication of nutritional change, the atrophic 
threshold may be less constant than the hypertrophic threshold 
which was employed for what I consider my most precise 
investigations <a) 

7. 1 have already discussed the experimental aspect of selec- 
tive action, but there is another aspect involving selective action 
as a deduction after considering questions of energy, absorption, 
et cetera. In the case of the present revision, it is desirable for 
clarity to keep the two aspects separate 

Experiments. 

I commenced work on mixed radiation because some 
amplification of previous data was desirable and it was 
also a convenient preliminary to a further study of 
homogeneous radiation. I was in a position to measure 
total energy in absolute units/* ‘ and the first point was 
to confirm an observation (,) that the threshold dose varies 
with the energy distribution. I also hoped to obtain 
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indirect evidence of selective action in the region above 
100 KV., which is of clinical importance but inconvenient 
for the method of crystal diffraction. 



Fig. 2. 


A window was made in an egg (,) and this was placed 
in a hot box situated symmetrically opposite to the 
radiometer R (Pig. 2), the tube presenting a line source 
at grazing incidence in either direction. The egg was 
screened by a filter of 0*03 cm. aluminium, 0*3 cm. 
(monax) glass to reproduce the radiometer coverings 
and the incident beam passed through a rectangular 
aperture 1 x 0*5 cm. (Plate IX, Fig. 12). The method 
of operation was to vary the voltage (from 00 to 150 
KV.) and keep the total incident energy constant by 
adjustment of the milliamp£rage. A Gaiffe Gailot 
constant potential generator and water-cooled Coolidge 
tube were employed. Previously it has been shown that 
the total energy varies directly as the milliamp^rage 
and as the square of the potential. (10) It was therefore 
necessary to satisfy the following condition : CV* * 
constant, and check readings were taken with the radio- 
meter which showed a galvanometer deflection of 6 mm. 
for the first series of experiments. Voltage was measured 
as before, (l0 > by taking the kilovoltmeter reading when a 
spark first passed. The gap was then dpened slightly 
and the kilovoltmeter kept at the desired setting provided 
the input voltage remained constant. 
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A graduated series of exposures was given from i to 1$ 
hours at each voltage, and the results are recorded in 
Fig. 3, where the open circles represent blanks, the 
closed circles reaction and the half-blackened circles 
doubtful or slight reactions. 



The results were so striking that I decided to attempt 
repetition at once, but I was delayed by a mechanical 
breakdown which led to subsequent differences and 
irregularities. About this time Dr. Hunt showed me that 
reactions could be obtained after a comparatively short 
exposure (two hours) under certain conditions without 



irradiation. To be on the safe side, I placed a second or 
control window (Fig. 4) in the confirmatory experiments 
(Fig. 5). 

«No spurious reactions were obtained, but the winter 
had now set in, with a resulting heavy mortality, so 
that there were considerable intervals during the build* 
lug of graphs (Fig. 5), and lack of time prevented its 
completion. 
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The correspondence of 3 and 5 is, however, good, the 
apparent sensitivity being less and the galvanometer 
reading more (7 mm.) in the second series. This only 
means that the tube was rotated slightly towards the 



radiometer during repair work. (The apparent displace- 
ment of maximum action by 10 KV. is due to unsteady 
operation in an old gassy tube, when the average effective 
voltage is less than the nominal.) 

The total incident energy per sq. cm. (the irraliated 
area * i sq. cm.) may be obtained from the deflection 
(6 mm.) and data previously obtained with the radio* 
meter 18 ' taking a period of 1 hour. 

A series of six unpublished deflection readings (a null 
method was used mainly (8) ) gave a value of 1*40 cm. 
with a probable error of 0*025 cm. under certain constant 
conditions. 

A series of alternating readings was taken in a similar 
manner to determine the total energy (E) in ergs per 
sq. cm. per second from the relation 


where V is proportional to the deflection and the other 
symbols have the meaning assigned in the previous 


442 


WARNF0RD MOPPETT. 


paper, (8) where E was determined as 600 ergs per sq. 
cm. per second. 

Therefore an hoar’s exposure at 0*6 cm. deflection 
corresponds to a total incident energy 9*25 x 10* ergs, 
by far the most accurate estimate made in connection 
with my work. 

During the course of this investigation, I observed 
hypertrophic and atrophic reactions (corresponding to 
small or large effects) which were indistinguishable to 
the naked eye from those obtained with homogeneous 
radiation. Previously I had .not obtained atrophy with 
mixed radiation, and thinking it might be a matter of 
voltage, I tried some experiments with a universal tube 
at 30 KV., 3 m.a. const, pot., 15 cm. By irradiating 
an area of 1 x 0-5 cm. (much larger than previously), I 
obtained typical atrophies with exposures of 2 hours and 
over and a careful microscopic check was made. I will 
also describe typical atrophy in a spurious reaction, so 
that this condition is a general type of response not 
associated with any particular form of stimulus. 



Before leaving the subject of mixed radiation I made 
a check of the possibility of a zone phenomenon by giving 
a very small dose over a long period of time — 1 hour. 
The primary beam was scattered (at right angles) from 
a paraffin block as shown in Fig. 6. The rays passed on 
to the egg through a slit-like aperture and careful photo- 
graphic checks were made giving roughly the initial 
intensity (3 \ 10' ergs per sq. cm.). 
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The scattered radiation is practically similar in com- 
position to the primary beam and 3 negative experiments 
appeared to furnish a definite answer in respect of the 
above conditions. Previously** > one obtained a reaction 
from scattering when the crystal was placed out of 
alignment. The most likely explanation is associated 
with a predominant effective frequency excited by 
fluorescence. However, this work is concerned with a 
“deduction” termed “antagonism” which lies outside the 
scope of the present paper. 

A simultaneous investigation has been made to gather 
further information into the significance of making a 
shell window. Firstly, incubated eggs were exposed to 
the direct mixed rays through intact shell. Conditions 
and dosage were varied giving a final result of 8 dead, 
2 blank, 6 reactions. The latter were less exuberant than 
those obtained with windows, but the geometrical out- 
line of the slit was very well reproduced, usually as a 
pale bloodless area (Plate IX, Fig. 8), leaving no doubt 
as to causal relationship. 

Microscopic section showed both hypertrophic (Fig. 9) 
and atrophic changes according to conditions, but in 
accordance with the observation already mude, these 
were less extensive. The threshold was reached in about 
1 hour at 140 KV. and 10 m.a. (deflection 1*8 cm. 
average I and the total energy incident on the outside 
of the shell would be 3 x 10 6 ergs per sq. cm. 

I then thought that it might be possible to obtain 
homogeneous ray reactions through intact shell if I used 
a hard radiation when loss in the shell and change of ^ 
wave length by fluorescent absorption would be relatively 
unimportant. The wave length used was 0*128 KV., in 
the hard continuous spectrum beyond the K lines of 
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tungsten and the requisite high resolution was obtained 
with 1 mm. slits arranged as in Fig. 2. A two and three 
hours’ exposure were unfortunately both negative so 
that this investigation is not promising. 

The distance was increased from 40 cm. for the mixed 
ray to 110 cm. and, allowing an efficiency of 10-* for the 
crystal, the energy for (1*8 cm. deflection) and 3 hours is 
roughly 

3 x 10* x 3 x 10-* x (’iVo’)* or x I** 8 er 8 s P er cm * 
the irradiated area being much smaller. 

For purposes of demonstration I then set the instru- 
ment to give a wave length of 0*53 A. (with 3 mm. slits) 
and an excellent “geometrical” reaction was obtained in 
a “window” (Plate IX, Figs. 10 and 11). Calculation 
would give the same value per hour for total incident 
energy per sq. cm. and the exposure of 1 hour employed 
represents 4 x 10 a ergs. 

Dr. Hunt very kindly showed me the reactions she 
obtained in non-irradiated specimens by exposing the 
shell windows for 2 and 3 hours in her stock incubator. 
Previously I had only obtained occasional spurious effects 
after exposures of 12 hours or more. The less intense 
radiations obtained by Dr. Hunt were marginal in accord 
with my observation, Fig. 1, but more intense effects 
tended to become central when they looked very like 
some X ray reactions. 1 soon observed that several 
apparently atrophic reactions were really marginal hyper- 
trophies with a normal or unchanged centre. In other 
cases the centre withered producing true atrophy 
apparently secondary to a disturbance of nutrition. 

Dr. Hunt used a very small window, lxl cm. (much too 
small for X ray work), and I have found that reactions 
can “creep’’ for distances of a few millimetres/ 4 * Thus I 
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regard her effects as primarily marginal but forced to 
resemble central reactions by cramped surroundings. I 
then invited the occurrence of spurious reactions by 
exposing a large number of prepared eggs in my stock 
incubator. The window was made 2 cm. square (removed 
in four pieces) in order to distinguish the site of origin 
of reaction. Deaths accounted for 20 experiments while 
one specimen each was obtained for 1 and 2 and 3 days' 
exposure followed by immediate fixation. 

The 1-day specimen was unchanged, the 2*day slightly 
altered in appearance, and the 3-day had an intense 
marginal response and a patchy distribution of atrophy 
and hypertrophy all over the central area. There was 
strong evidence of infection, so I sterilised the incubator 
and determined that all future exposures should be made 
in a separate enclosure. 

There was also a possibility of dehydration playing a 
part and I exposed 0 specimens with large windows for 
24 hours in a calcium chloride desiccator. One survived 
(normal) and the dead ones showed remarkably little 
alteration in contrast to the usual signs of decom- 
position which are prominent even in 24 hours. 

The next step involved rough tests with a hygrometer 
which showed that my incubator (bacterial type) had 
an average humidity of 50% ° r 70% if a * ra y wa l er 
was used. This compared very well with the 55% 
humidity recommended by poultry farmers during the 
second week of incubation. Tests were made in the 
small hot box used for irradiation and the average was 
found to be about 60% though subject to greater 
inaccuracy and variation than the above, determination. 
This was completed just as the mortality began to rise 
with the winter months, but work was continued partly 
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because it was felt that the results would be more valu- 
able under the comparatively unfavourable circumstances. 

Three grades of humidity were provided for in 
separate enclosures— a jar containing a smaller vessel of 
water (100%), the desiccator which would provide about 
20% above zero owing to a continual outflow of moisture 
from the egg, and finally the irradiation hot box (4) and 
(60%) which would reproduce experimental conditions 
apart from the small amount of nitrogen oxide given off 
by an X ray plant. The latter was included in the 
control windows already described and no reaction was 
produced in exposures up to 1J hours. 

The results after sealing and incubation for 3 days 
were as follows: 

Moist . — (6 hours’ exposure) 1 dead, (3 hours’ 
exposure) 14 dead, 10 blank. 

Desiccator . — (6 hours’ exposure) 15 dead, (3 hours’ 
exposure) 19 dead, 9 blank. 

Irradiation Box . — (6 hours’ exposure) 9 dead, (3 
hours’ exposure) 24 dead, 14 blank. 1 slight 
reaction. 

The above showed that dehydration played no part 
and a clue to a source of infection was supplied when 
I noticed that the reacting specimen had touched some 
cotton wool that had not been changed for some time. 
With strong evidence for an infective origin of spurious 
reactions there remained the question of mechanical 
injury and the peculiar peripheral distribution noted. 

Sharp angular beads were pressed on to the exposed 
shell membrane by wiring and waxing down a Shell 
cover and incubation was continued for three days. The 
results showed 13 dead and 5 blank, which proved that 
continued mechanical pressure does not cause a reaction, 
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whilst it is generally agreed that the momentary injury ■ 
of opening and sealing a window causes no change. 



The probable solution was found by watching the 
receding shell membrane as one lifts up a shell fragment. 
There is a point of greatest flexion and strain about 
2 mm. from the cut edge (Fig. 7). This explains why 
organisms do not pass through the intact shell or 
through very carefully made windows. The mechanical 
injury is necessary but it acts indirectly by providing a 
free passage to the allantois. 

I had an impression that heavy mortality and spurious 
reactions are associated. Possibly they are in that heavy 
mortality implies a lower vitality or a less perfect forma- 
tion of the egg leading to more easy infection. One has 
not isolated a common infective agent. Professor 
Wright and Dr. Goldsworthy kindly examined an egg 
which appeared much decomposed, but the material was 
sterile both for bacteria and moulds. I confirmed this 
indirectly by inoculating material from such an egg on 
to exposed shell membrane. I obtained 3 dead and 3 
blank which may be interpreted as showing the pro- 

cedure produced no change. 

The evidence for an infective agent in the case of 
the spurious reaction is much stronger. In my dead 
specimens I saw two mould growths, one in the moist 
enclosure and one in the stock incubator, the latter case 
showing a cast in mycelium of the subjacent necrotic 
allantoic membrane. 
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Sealing up a window with some “dirty” cotton wool 
for 3 days certainly did produce a reaction — 13 dead, 3 
reactions, 2 slight reactions, and 1 blank. The dead 
specimens were either coagulated in a peculiar manner 
or in an extreme state of liquefaction. I am not 
suggesting that the wool is always the source of the 
infection which must come with the supplies from the 
poultry farmers. A stray piece of wool forms a 
convenient inoculating instrument and in my previous 
work I always avoided such contact. I suspected an 
infective origin of dead specimens and as a matter of 
course changed cotton wool and sterilised containers at 
frequent intervals and immersed all discarded biological 
material in lysol solution. I have often hoped to avoid 
complication by painting the newly made window with 
vaseline et cetera , which gives the advantage of visibility 
during development. Unfortunately I confirmed my 
former conclusion that this causes a very high mortality 
— 4 dead. 1 blank — but further investigation with pure 
paraffin is needed. 

Conclusions. 

I will speak in terms of the seven points previously 
mentioned, of which the first three — controls, homo- 
geneous radiation, mixed radiation — are fundamental. 

A simultaneous solution is really required but the 
relative resistance to mixed radiation has now been 
proved beyond all doubt and I wish to establish the 
causal relationship of the homogeneous ray reaction in 
terms of the first two observations. 

The discrepancy between my blank controls and Dr. Hunt’s 
experiments (wrongly termed controls) is due to a difference in 
treatment* apparently small, but as it happens, essential. 

By exposing large numbers of treated eggs in the stock 
Incubator Dr. Hunt provided a breeding ground for the first 
stray organism (asepsis is impossible where new supplies of 
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living material are being added) and the numbers were increased 
and the virulence exalted by the ample pabulum. I have been 
put to the inconvenience of taking quite unusual precautions to 
obtain the above results because the laboratory previously clean 
has been infected by air-borne spores. Dr. Hunt has very kindly 
permitted me to quote her work, and I think her negative 
results with the window downward, and positive up to the 
air, are almost conclusive on this point. 

I have advanced the view that there are two factors involved, 
a mechanical opening up of the shell membrane (Fig. 7) and 
the presence of a suitable organism. This explains the advan- 
tage of a gentle technique (and also a simple one) and the 
comparatively small numbers used in my irradiation work 
(twelve per week) will explain why my controls were 100% 
negative — that is it would be rare under the circumstances to 
obtain a coincidence of both factors. 

I suppose care will always be needed because the allantois 
is a sensitive structure, fifteen times as much as mouse skin, M> 
but is there any evidence for a lack of reliability? Quite large 
doses of mixed radiation produce no change, neither does 
mechanical distortion for 3 days, dehydration for 3 hours or 
100% humidity plus partial asphyxia for a similar period. (The 
last named showed a comparatively low mortality.) On the 
other hand the sensitivity is an advantage which Just makes 
work with crystal diffraction convenient and possible. The 
perfect fixity of the membrane is also a great help and the 
comparative simplicity of its tissues may serve to furnish a 
clue to the more complex problems of mature mammalian tissues. 

Is there any reason to doubt the validity of my previous 
results? Apart from the thirty consistent controls it seems 
impossible that an unknown factor should simulate a selective 
effect which was duplicated in five series of experiments. It 
may be mentioned that one does not fill a graph in progressive 
steps but deaths force one to take the safer course of Jumping 
about from place to place. My later work — antagonism et cetera 
— was not associated with separate controls, but the position is 
even more secure because the experiments were in general 
carried out in pairs, exposed for the same time but at different 
intensities of which the greater caused a reaction. Not only 
was the chance of obtaining a spurious effect remote, but the 
chance of confusion with the X ray effect was still less probable. 

With a good technique, a reasonably large windoe, and clean 
(nun-infective) conditions the spurious effects (as in my 0 ray 
work) were small insignificant marginal nodules. 

X — December 7, 1932. 
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Possibly my few aberrant specimens** may have been spurious 
and the results would be strengthened by their elimination. 
Now I would have no hesitation in discarding a suspicious result 
provided three or four contrary check experiments were made 
under similar conditions. 

Finally the “geometrical" reaction appears to furnish con- 
clusive evidence even with small numbers because it is impos- 
sible that an unknown factor should so reproduce the outline 
of the incident beam 

The next three points (blank, hypertrophy, atropny), accord- 
ing to dose, scarcely need further proof or discussion, but some 
comment may not be out of place As mentioned above, I will 
defer the question of specific atrophy or hypertrophy producing 
frequencies and look at the matter from a broad viewpoint to 
include both mixed and homogeneous radiations My work 
bears out the widely accepted view that if the rate of applica- 
tion of the stimulus is inadequate, a process of repair prevents 
the occurrence of any visible change. A continued stimulus of 
higher intensity will produce a biological reaction which appears 
suddenly at a point teimed the threshold dose, a term which is 
strictly incorrect because it takes no account of time 

The reaction is undoubtedly an expression of lepair, a final 
effort after the perfect process of invisible repaii has broken 
down In radiotherapy this final effort shows as a vascular 
change, the X ray erythema and cellular proliferation is not 
in evidence unless perhaps as a late and obviously secondary 
change. My work has shown beyond all doubt that a dose of 
X radiation may lead to the immediate development of hyper- 
trophic and proliferative changes Pi IX, Fig 9, is a beautiful 
example of hypertrophy which was obtained by means of mixed 
radiation through intact shell A similar picture has been 
obtained in a great many instances by means of homogeneous 
radiation acting through a shell window, and there was no 
evidence of any necrosis or degenerative change in such small 
reactions. 

Finally as the disturbance is increased there is a breakdown 
of tissue structure followed by autolysis giving the picture of 
atrophy previously described The atrophic change obtained 
here by mixed radiation through intact shell is distinct, a 
fibrous shrunken condition resembling the pseudo atrophy 
attributed to mixed radiation in my thesis. <*> However, true 
atrophy has been obtained both by means of mixed radiation 
and in spurious reactions, but my impression was that of a 
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secondary nutritional cause. It is possible that there is some 
distinctive feature in the atrophy obtained by homogeneous 
rays. Such Atrophied reactions have an overhanging hyper- 
trophied . margin suggesting a further attempt at repair by 
ingrowth from the peripheral tissues. The mixed ray pseudo 
atrophy obtained through intact shell reveals no obvious raised 
edge but the microscope shows slight peripheral hypertrophy 
and lymphocyte infiltration. 

It Is certainly unfortunate that an infective process may cause 
atrophy or hypertrophy, but after all this is only to be expected 
as the natural type of response of the tissue. A similar situa- 
tion occurred in my work with mouse skin/* 1 where the insertion 
of a stitch led to a slight infill ration and epithelial hypertrophy 
which was of the same general type as the supposed X ray 
effect 

Microscopically complete atrophy must be identical from any 
cause because the membrane is completely disorganised and 
there is nothing to see. It appears obvious that hypertrophic 
reactions will show differences according to the exciting cause 
although they may possess certain broad features of similarity. 
No one will deny the veracity of an X ray erythema, because a 
poultice may produce a similar appearance. Similarly my work 
is not concerned with any effect which may be produced in the 
allantois but with certain changes which may be observed after 
irradiation. 

I ask the reader to accept my first six points, and I hope in 
later papers to finalise a number of other aspects of my work, 
commencing with <7> selective action. 

As a preliminary to later work I have given a wave length 
to three figures in the region of the lead and uranium K series, 
and I hope by this method to obtain some conclusive evidence 
on the heavy atom theory. Meanwhile there Is promise of a 
new method of Investigating the high freQuencies by varying the 
voltage generating mixed radiation. It is interesting to specu- 
late whether this would indicate an exact position or 1*3 V # 
approximately. For example, the maximum action indicated 
at about 120 KV. may represent the lead K ’evel (87*8 KV.). 

There ig proof of a variation of action with voltage 
providing the energy measurement is referred to total 
incident energy. Previously this was indicated by the 
variation in threshold dose with different generators. 

XX— December 7, 1932. 
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THE CHEMICAL CHANGES INVOLVED IN THE 
FORMATION OF AMINOAZO FOMIWNDS. 

Part II. — ANILINE NITRITE 
By John Campbell Earl, D8c„ Ph.D„ 

and Norman Frederick Hall, b.Sc. 

(With one Text-figure.) 

( Read before the Royal Society of Net c South Wales, Dec 7, t9St ) 

In a previous paper (this Journal, 1932, 66 , 157) it 
was suggested that aniline nitrite under the influence of 
acids might undergo intramolecular change with the 
formation of a diazo-oomponnd. Since solutions which 
apparently contain aniline nitrite are produced when 
equimolecular proportions of sodium nitrite and aniline 
hydrochloride, in methanol, are mixed, the action of 
acids on such solutions has now been studied by the 
dilatometric method previously used. When a weak 
acid, such as acetic acid, is used, the irregularity in the 
volume-temperature curve of the reaction mixture is less 
abrupt than when hydrochloric acid or pyridine hydro- 
chloride is added. The curves A, B, C, D in the accom- 
panying diagram illustrate this; the data from which 
they are drawn are given in the experimental part of 
the paper. 

The isolation of aniline nitrite and a study of its 
behaviour under acid conditions, appeared to us to be 
desirable and was successfully accomplished. When a • 
cold concentrated aqueous solution of aniline hydro- 
chloride is added to a cold concentrated solution of 




sodium nitrite, slightly in excess of an equimolecular 
proportion, the reaction-mixture becomes almost solid. 
Ether dissolves out the aniline nitrite, which may be 
recovered in a white crystalline condition by removal 
of the solvent under reduced pressure. 

As might be expected, aniline nitrite so isolated is 
an unstable substance. Aqueous solutions of it rapidly 
deposit a precipitate of diazoaminobenzene and the solid 
itself becomes yellow at room temperature. It was 
possible, however, to determine the aniline /nitrons acid 
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ratio, and so to prove the identity of the substance, by 
methods which are described later in this paper. 

Aniline nitrite when dissolved in methanol undergoes 
the characteristic volume change under the influence of 
acids, as is shown by curves E* F and G. 

These observations do not necessarily support the 
conclusion that aniline nitrite undergoes an intra- 
molecular rearrangement when acted upon by acids. 
The possibility still remains that the reaction involving 
volume change is that of nitrous acid or methyl nitrite 
with a salt of aniline. Studies on the behaviour of 
methylaniline nitrite have been instituted* since in this 
case the final product* the nitrosamine, is stable and 
the possible complications due to the formation, in the 
case of aniline nitrite, of diazoaminobenzene, are avoided. 
The results of these studies will be given in a subsequent 
paper. 


Experimental. 

Preparation of Aniline Nitrite. 

A concentrated solution of sodium nitrite (1*5 grams 
in 3 cc. of water) was placed in a small flask, covered 
with a layer of pure ether (20 cc.) and cooled to about 
-15° C. At the same time a solution of pure aniline 
hydrochloride (2 grams in 5 cc. of water) was prepared 
and cooled to -8° C, lower temperatures in this case 
causing formation of crystals. The distilled water used 
in the preparation of the solutions was boiled and cooled 
rapidly immediately before use to expel carbon dioxide. 
In the initial experiments equimolecular proportions of 
sodium nitrite and aniline hydrochloride were used, but* 
it was found that, owing to the difficulty of instan* 
taneons mixing, some decomposition occurred; this was 
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minimised by using a considerable excess of nitrite (op 
to 1*5 mols) and making the nitrite solution faintly 
alkaline to litmus. Very concentrated solutions of the 
reactants are advisable since an excess of water favours 
the rapid precipitation of diaxoaminobensene. 

The aniline hydrochloride solution was poured rapidly 
into the nitrite solution with \ igorous stirring, care being 
taken that none of the former touched the sides of the 
flask. A white precipitate formed almost immediately 
and on further stirring dissolved in the ether layer. The 
ethereal solution was decanted into a large test-tube 
containing anhydrous sodium sulphate and cooled to 
-15° C. The extraction with ether was repeated. 

After the ethereal solution had l>een allowed to dry 
for a few minutes, it was decanted into a small Alter 
flask fitted with a capillary tube (to admit a line stream 
of air, previously cooled and dried) and the ether 
removed under reduced pressure. After a period of from 
twenty to sixty minutes, a mass of white needles, soluble 
in water, ether or alcohol, remained. 

Owing to the instability of the substance, it was 
difficult to determine the actual yield, but it approxi- 
mated to sixty per cent, in those 1 cases in which the 
product was isolated for analysis. In such cases a 
maximum yield was sacrificed because rapidity of 
working was essential for the obtaining of a pure 
product. 


Analysis of Aniline Nitrite. 

The white product obtained by working as rapidly as 
possible showed only a slight yellow tinge at the edges. 
To such a product, immediately after the removal of the 
ether, a ten per cent, aqueous solution of pure sodium 
hydroxide cooled to -15° C. was added with vigorous 
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stirring. Decomposition into aniline and sodium nitrite 
took place at once. The aniline was carefully distilled 
off in a current of steam, the distillate being mixed with 
pure hydrochloric acid and made up to a known volume. 
The aniline was estimated volumetrically in a portion of 
this solution by adding a known volume of N/10 bromide* 
bromate solution together with potassium iodide, the 
liberated iodine being titrated with standard thio- 
sulphate. 

The alkaline solution of sodium nitrite remaining after 
the steam distillation was made up to standard volume 
and the nitrite estimated by Busvold’s modification 
( Chem . Zeitung, 1915, 39 , 214) of Raschig’s method 
(Berichte, 1905, 38 , 3911). 

By this means the quantities of nitrous acid and 
aniline combined together in the original material were 
found to be : 

Nitrous acid 0*453 gram 

Aniline 0-877 gram 

The quantity of aniline nitrite taken for the analysis 
was, therefore, 1-330 grams, the calculated composition 
of which would be: 

Nitrous acid 0-446 gram 

Aniline 0-884 gram 

It will be noticed that the analytical results indicate 
a content of nitrous acid slightly lower than that calcu- 
lated; this is readily understandable in view of the 
extreme case with which diasoaminobensene is formed 
with the consequent loss of nitrous acid. 

Department of Organic Chemistry, 

University of Sydney. 
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DERIVATIVES OF 2PHEXYLQ11 XOLIXE. 

Part II. 

SOME “ATOPHAN8" WITH SUBHTITl'EXT 
BASIC OROCPK. 

By Muriel Gertrude Koldnwortii, m.Sc.. 
and Francis Lions, b Sc.. Ph.D. 

(Read before the Royal Sovuty of A’eu* South Wale*, Dei, 7 , I93t ,) 

It was noted by Pratt aud Robinson (Joum. Chern. 
8oc. (1925), 127 , 172) on comparing the methosulphate 
of 3-methoxy-6 : 7-methylene dioxy-2-(3' : 4' : .Vtrimothoxy- 
phenyl) -quinoline (A) with delphinidin chloride hexa 
methyl ether (B), in which the auxiliary valencies of 
the nitrogen and oxygen respectively are saturated, that 
the quinolinium and benzopyryliiun nuclei function quite 
differently as chromophores, the former substance being 
orange whilst the latter is reddish violet with green 
lustre. 


(*o (S) 

Pratt and Robinson remarked: 

"It may well be that the methoxyl groups are able to 
decentralise the cationic valency of the pyrylium nucleus and 
so produce changes of orbits of electrons owing to recurrent 
redistribution of the charge, whilst, on the other hand, the 
powerfully basic Quinolinium nucleus is able to ignore the ciatms 
of the weak auxochromes. We are thus led to anticipate that 
the aminophenyl Quinolinium salts will resemble tinctorlally the 
hydroxyphenyl bensopyrylium salts and it is hoped that an 
experimental test of this point will be made.’’ 



OCHj 
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Moir (Trans. Roy . Soc . South Africa (1928), 16 , 121) 
has shown, however, that the polyamino-2-phenyl quino- 
lines examined by him are not so intensely coloured as 
the corresponding flavylium compounds, though he com- 
mented on the noticeable deepening of colour with the 
introduction of a dimethylamino-group in certain 
positions. 

The comparison of phenylquinolinium alkyl salts 
containing amino or substituted amino groups with the 
corresponding related hydroxyl substituted fiavylium 
salts is of very considerable interest and the authors are at 
present engaged in an extensive research on this subject. 
In the present paper there are described some 
“atophans” — derivatives of 2-phenyl-quinoline-4-carboxylic 
acid — which have substituent amino groups. The decar- 
boxylation of these to the corresponding substituted 2- 
phenyl-quinolines and the tinctorial properties of these 
latter, will be communicated in a later paper. 

Comparatively few derivatives of 2-phenylquinoline-4- 
carboxylic acid containing one or more amino or sub- 
stituted amino groups, have so far been described. In 
the present communication there are described, (a) the 
preparation of certain “atophans" containing a dimethyl- 
amino group in the 7-position in the quinoline nucleus, 
by the condensation of m-dimethylamino aniline with 
various aldehydes and pyruvic acid in alcoholic solution ; 
(b) the preparation of several derivatives of m- 
phenanthroline by condensation of m-phenylenediamine 
with aromatic aldehydes and pyruvic acid in alcoholic 
solution; and (o) the preparation of certain quinoline 
derivatives having two quinoline nuclei by the condensa- 
tion of sym-di-m-aminophenylamino ethane (C) and of 
1 : 4-di-(m-aminophenyl)-pipera£ine (D) with certain 
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aromatic aldehydes and pyruvic acid in alcoholic 
solution. 



(o an 


The colours of the substances obtained range from 
yellowish brown to deep red. The colours of their acid 
solutions are particularly inteuse and striking. 

The nomenclature of the compounds described is made 
clear by reference to the numbered skeleton diagrams 
(Figures I, II, and III). 

Experimental 

7-Hydroxy-2-(4^dimethylamlnopHenyO*quinoline*4-c*rboxyllc 
acid (I). 

A solution of m-aminopheuol (3 g.) in alcohol (50 cc.) 
was added gradually to a solution of p dimethylamino* 
benzaldehyde (3 g.) and pyruvic acid (3 g.) in boiling 
alcohol (100 cc.). After boiling for a few minutes the 
cinchoninic acid commenced to precipitate, as a red 
powder. After refluxing for one hour the solutiou was 
cooled and filtered. 

As it is insoluble in ordinary organic solvents this 
substance was purified for analysis by solution iu potas- 
aium carbonate solution, and treatment of the hot solu- 
tion with “Norite” followed by filtration and acidifica- 
tion of the filtrate with acetic acid. Aftpr washing with 
water and drying, the purified substance did not melt 
below 300° C. 

V — December 7. 19M. 
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Found C - 69*8, H - 5*1%; calculated for 
C - 70*1, H • 5-2%. 

Treatment of the acid with aqueous ammonia gave a brown 
solution. It was also soluble in dilute sodium hydroxide solu- 
tion forming a yellow solution. The yellow Ba-salt was 
moderately soluble. Mg-salt was orange-yellow and insoluble. 
Al-salt insoluble and red. Pb-salt yellow and insoluble. Addition 
of hydrochloric acid to the solution of the acid in ammonia 
gave a red precipitate. 

7-Dlmethy)amifio-2-(4'-methoxyphenyl)-quinoline-4-carboxylte 
acid (II). 

Heating under reflux of a solution of m-dimethylamiuo 
aniline (5 g.), anisaldehyde (5 g.) and pyruvic acid 
(3*5 g.) in alcohol (80 cc.) for 15 minutes led to formation 
of this cinchoninic acid which was precipitated in deep 
orange coloured needles (4 g.). It could be recrystal* 
lised from hot glacial acetic acid and was thus purified. 
The melting point is approximately 315° <\ 

Found C - 70*7, H ~ 5*8%; calculated for 
C - 70*8, H - 5*6%. 

The acid was soluble in ammonia, forming a yellow solution. 
On heating the colour became orange and eventually a crystal- 
line precipitate came down. The yellow sodium salt was soluble 
in water, but the Mg, Ba, A1 and Pb salts were all insoluble. 
The first two were yellow amorphous solids, the third was red, 
and the Pb salt was orange yellow. From the ammoniucal 
solution of the acid hydrochloric acid produced a deep red 
precipitate. 

7-Dlmethylamlno-2-(3':4'-methylenedloxyphenyl)-qulnollne- 
4-car boxy lie (III). 

This substance was readily obtained as a precipitated 
orange powder (3 g.) when a solution of m-dimethyl- 
aminoaniline (5 g.), piperonal (5 g.h and pyruvic 
acid (3*5 g.) in alcohol (80 cc.) was refluxed for fifteen 
minutes and then cooled. It could be recrystallised from 
glacial acetic acid and did not melt below 300° O. 

Found C - 68*2, H - 5*3% ; calculated for C ia H w 0 4 N a , 
C - 67*9, H - 4*8%. 

TT — December 7, 19SS. 
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The aeld was soluble in aqueous ammonia to a yellow solu- 
tion with a distinct yellow green fluorescence. On standing a 
yellow NHj-salt crystallised out If the solution were heated it 
became red in colour. The Na-salt was yellow and crystalline 
and dissolved in hot water readily. The Mg-, Ba-, and Pb-salts 
were all obtained as orange coloured crystalline insoluble 
precipitates. The Al-ealt was also crystalline and insoluble, but 
was of a red-gold colour. Addition of hydrochloric acid to the 
solution of the acid in ammonia gave a deep red precipitate. 

7-Dtmethylamino-&(4'-dimethylamino-phenyl)-qulnoline-4- 
carboxylic acid (IV). 

This cinchoninic acid was precipitated as a dark red 
powder (4 g.) from a boiling solution of m-dimethyl- 
aminoaniline (5 g.), p-dimethylaminobenzaldehyde (6 g.) 
and pyruvic acid (3-5 g.) in alcohol (80 cc.) after fifteen 
minutes. It also could be recrystallised from glacial 
acetic acid and did not melt below 300°. 

Found C « 71*6, H = 6*7% ; calculated for C 20 H 2l O 2 N 8 , 
C - 71-6, H - 6-3%. 

The acid dissolved in dilute aqueous ammonia solution to a 
reddish-brown solution. The Na-salt was yellow and only 
sparingly soluble in cold water. The Mg- and Ba-salts were 
both bright red and insoluble. The Al-salt was a crystalline 
crimson precipitate. The Pb-salt was a brick-red insoluble 
powder. Hydrochloric acid precipitated a purple precipitate 
from the solution in ammonia 

a-a'-Dlanisyl-m-phenanthroline-r-V-dicarboxylic acid (V). 

(Fig. I, H, R* = OCH,; R„ R, 1 = H.) 

A solution of m-phenylene diamine (5 g.), anisaldehyde 

(11 g.) and pyruvic acid (8 g.) in alcohol (150 cc.) was 
heated under reflux for 45 minutes. A heavy dark oil 
gradually separated. On cooling it solidified to a 
brownish-red powder (17 g.). After several recrystallisa- 
tions from alcohol it melted at 210°. 

Found C « 69*6, H » 4*4% ; calculated for C 2g H 20 O 6 N 8 , 
C - 70*0, H - 4*2%. 

This substance did not dissolve very easily in ammonia. The 
solution obtained was brownish-red in colour. The Na-, Mg- and 
Ba-salts were all sparingly soluble and yellow. The Al-ealt was 
orange in colour and insoluble, whilst the Pb-s&lt formed a heavy 
yellow insoluble powder. With hydrochloric acid the ammoniac&l 
solution yielded a red insoluble precipitate. 
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aia'-OlFiptronyl-m^phcruivithroiiii^^^iieai^oxyiiQ M |^ (y|) # 
(Fig. I, BRu H'Ri 1 = :0,CH„) 

This add was precipitated as a dark red powder 
(16 g.) after heating a solution of m-phenylene diamine 
(5 g.), piperonal (14 g.) and pyruvic acid (8 g.) in 
alcohol (150 cc.) under reflux for one hour. After 
recrystallisation from alcohol it was obtained in minute 
dark red prisms which melted at 205-206°. 

Found C - 66*1, H * 3*2 ; calculated for ( , 2S H l<J (> i N 2 , 
C - 66*1, H * 3*1%. 

The ammonium salt of this acid waB moderately soluble in 
water, forming a brownish red solution. The Na% Ba- and Pb- 
salts were yellow sparingly soluble powders. The Mg-Balt was 
yellowish brown and insoluble, whilst the insoluble Al-salt was 
red. Hydrochloric acid precipitated a deep red solid from the 
ammoniacal solution. 

a:a'-DI-(p-dlmethylaminophenyl)-m-phenanthroHneo :?'• 
dicarboxylic acid (VII). 

(Pig. I, R, R 1 = N(CH a ),; R lf R, J =■ H.) 

This derivative of m-phenanthroline was precipitated 
as a dark red oil (17 g.) when a solution of m-phenylene 
diamine (5 g.), p-dimethylaminobenzaldehyde (14 g.) and 
pyruvic acid (8 g.) in alcohol (150 cc.) was reflux *1 for 
one hour. On cooling the oil crystallised, and after 
recrystallisation from boiling alcohol very dark red 
minute crystals melting at 234° were obtained. 

Found C * 70*7, H = 5*6^ . Calculated for C 0 1I M () 4 X 4 , 
C « 711, n « 5*1%. 

The sparingly soluble ammonium salt of this acid dissolved 
in water to a brownish-red solution. The yellow Na-salt was 
sparingly soluble in cold water but moderately soluble in hot. 
The Ba-salt which was orange in colour was moderately soluble. 
The Mg- and Pb-salts formed orange-yellow insoluble powders. 
The insoluble Al-salt was red; whilst hydrochloric acid gave a 
deep-red precipitate from the ammoniacal solution. 

Sy m-bIM&pheny !-4-ca rboxy-7-qu I noly Ism I no ) -ethane (VIII). 

(Pig. II, R, R\ R„ Ri l - H.) f 

Sym-bis- (m-aminophenylamino ) ethane was prepared 
by reduction of the oorresjionding nitro compound, which 
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in turn was prepared from ethylene dibromide, m- 
nitraniline and anhydrous potassium carbonate, accord- 
ing to the method of Borsche and Camper Titsingh (Ber. 
(1907), 40, 5014). By refluxing a solution of this base 
(8 g.), benzaldehyde (7 g.) and pyruvic acid (6 g.) in 
alcohol (100 cc.) for flfteen minutes condensation 
appeared to occur readily and the quinoline derivative 
was precipitated almost immediately as a light brown 
powder (10 g.). It was very sparingly soluble in the 
usual organic solvents but could be purified by solution 
in hot aniline, cooling, and addition of dry ether which 
caused it to be precipitated ; or by recrystallisation from 
much glacial acetic acid. When pure it formed fine 
brown needles melting at 280° (decomp.). 

Found C * 73-4, H - 5*3%; calculated for C 84 H 2e 0 4 N 4 , 
C - 73*6, H - 4-7%. 

The ammonium salt dissolved in water to a brown solution. 
The Na-, Mg*, Ba- and Pb-salts formed light yellow sparingly 
soluble precipitates. The Al-salt was orange and insoluble. 
Hydrochloric acid precipitated a deep-red solid from the solu- 
tion of the ammonium salt. 

8ynvbls-(2-Anlsyl-4-csrboxy-7-qulnolylsm1no)-ethane (IX). 

(Fig. II, R, R l = OCH t ; R* R * 1 = H.) 

A solution of sym-bis-(m-aminophenylamino) -ethane 
(8 g.), anisaldehyde (7 g.) and pyruvic acid (6 g.) in 
alcohol (100 cc.) was gently refluxed for fifteen minutes. 
Condensation occurred immediately and the quinoline 
derivative was precipitated as a brown powder (8-5 g.). 
Insoluble in the usual organic solvents it was purified 
in the same way as described for the previous substance 
— solution in aniline and reprecipitation with dry ether. 
It melted at 276°. 

Found C «* 69*9, H - 5*5% ; calculated for C M H 30 O a N 4 , 
C - 70-4, H - 4*9%. 
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The NH^-aalt was brown and sparingly soluble. The Na% Mg-, 
Bar and Pbaalts were only very sparingly soluble and yellowish 
brown in colour. The insoluble Al-salt was orange-red. Hydro- 
chloric acid precipitated a deep-red solid from the solution of 
the NB^ealL 

Sym-ble-(2-veratryl-4-carboxy-7-quinolylamlno)-ethaite (X). 

(Fig. II, R, R», Rj, R,* = OCH*) 

This substance (10*5 g.) was obtained and purified In 
a similar manner to the previous two substances from a 
hot solution of sym-bis-(m-aminophenylttnmio) -ethane 
(8 g.)> veratric aldehyde (11 g.) and pyruvic acid (6 g.) 
in alcohol (100 cc.). It formed a light brown powder 
melting at 264°. 

Found C - 66*9, H - 5*2% ; calculated for C, t n M O t X 4 , 
C * 67*6, H * 5 0%. 

The NEU-s&lt was moderately BOluble in water to a brownish- 
red solution. The Na-, Mg- and Ba-salts were all yellow and 
but sparingly soluble. The insoluble Pb-salt was orange yellow, 
the insoluble Al-salt, orange-red. Hydrochloric acid precipitated 
a deep-red solid from the aqueous solution of the ammonium salt. 

Sym-bis-(2-pJperonyl-4-carboxy-7-cfuinolylamlno)-ethafte (XI). 

(Fig. II, R, R„ R 1 R,» = :O f CH|.) 

Obtained as a brown powder (11 g.) from a hot solu- 
tion of sym-bis-(m-aminophenylamino) -ethane (8 g.), 
piperonal (11 g.) and pyruvic acid (6 g.) in alcohol 
(100 cc.) and purified in the usual way from aniline 
solution this substance melted at 290°. 

Found C - 66*9, H * 4*6%: calculated for <\ rt Ha<,O g N 4 , 
C - 67*3, H * 4*1%. 

The moderately soluble NH 4 -salt formed a brown solution in 
water. The Na-, Mg-, Ba- and Pb-salts were all sparingly soluble 
and light yellow in colour. The insoluble Al-salt was orange-red. 
Hydrochloric acid gave a deep-red precipitate with the solution 
of the ammonium salt. 

8ym-bla (S^¥«nlllyl-4<arboxy.7-qulnolyl«ml»io)-ethane (XII). 

(Fig. II, R, R 1 = OH; R„ R* 1 = OCH..) 

This substance was obtained as a lifeht reddish-brown 
powder (11 g.) from a hot alcoholic solution of vanillin 
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(10 g.), sym-bis*(m-aminophenylamino) -ethane (8 g.) and 
pyruvic acid (6 g.), and was purified from aniline solu- 
tion as above. It melted at 256°. 

Found C - 66-5, H - 5-0% ; calculated for C M H 80 O 8 N 4 , 
C - 66*9, H « 4-6%. 

The ammonium salt of this acid dissolved readily in water 
to a dark red-brown solution. The Na-salt was red-brown and 
soluble. The Mg-, Ba- and Pb-salts were all sparingly soluble 
and yellowish brown. The Al-salt was orange yellow and 
insoluble. Hydrochloric acid gave a deep-red precipitate from 
the solution of the ammonium salt. 

&ym-bis-(2-p-dtmethylaminophenyl-4-carboxy-7-quinolylamlno)- 
ethane (XIII). 

(Fig. II, R, R* = N(CHs)*; It*, R * 1 = H.) 

Obtained from a hot solution of sym-bis-lm-amino- 
phenylamino) -ethane (8 g. ) , p-dimethylaminobenzalde- 
hyde (10 g.) and pyruvic acid (6 g.) in alcohol (100 cc.) 
as a dark red powder (12 g.) this compound after puri- 
fication in the usual way melted at 260°. 

Found C « 70-9, H « 0 0 </, ; calculated for C 3fc H a0 O 4 N 0 , 
C - 71-2, H - 5*6'/ . 

The ammonium salt was moderately soluble, the solution being 
red-brown. The Na- and Mg-salts were light yellow in colour 
and sparingly soluble. The Ba- and Pb-salts were insoluble and 
yellowish brown in colour. The insoluble Al-salt was bright 
orange-red. Hydrochloric acid produced an intense purple pre- 
cipitate from the solution of the ammonium salt. 

1 :4-DI-(m-aminophenyl)-plperazine. 

This base was obtained by reduction with tin and 
hydrochloric acid of the l:4-di-(mnitrophenyl)- 
piperazine previously descril>ed by Borsche and Camper 
Titsingh (Her. (1907), 40. 5014) who prepared this 
latter substance by refluxing together m-nitroaniline and 
ethylene dibromide in presence of anhydrous sodium 
acetate. We found it more advantageous to ~ use 
anhydrous potassium carbonate, and the method adopted 
was as follows: Pure m-nitroaniline (130 g.) and dry 
potassium carbonate (300 g.) were finely powdered and 
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intimately mixed, and after addition of ethylene 
dibromide (188 g.) heated in a reflux apparatus in an 
oil-bath maintained at 150° for three hours. After 
cooling, the product was treated with water to remove 
potassium salts, and then with alcohol to remove any 
unchanged m-nitroaniline. Finally, after washing with 
a little acetone, the orange product was recrystallised 
from hot aniline, and obtained in orange prisms melting 
at 206° ( cf . Borsche and Titsingh, loc . cif.). 

Treatment of this 1 : 4-di-m nitrophenyl piperazine 
(25 g.) with metallic tin (35 g.) and concentrated hydro- 
chloric acid (100 cc.) at 100° until all the tin had dis- 
solved gave a clear solution from which addition of 
further concentrated hydrochloric acid (100 cc.) and 
cooling produced a white precipitate, which was collected 
and dissolved in water. Addition of sodium hydroxide 
solution in excess to the filtered aqueous solution 
produced a greyish white precipitate of the crude base. 
Becrystallised several times from benzene it was obtained 
in white leaflets melting at 102°. 

Found C * 71*2, H * l-V/< ; calculated for C ia Il ao N 4 , 
C * 71-6, H - 7*5%. 

Condensation of this base with aldehydes and pyruvic acid 
by warming for a few minutes in alcoholic solution, to the 
corresponding di-quinolyl piperazine derivatives could be effected 
with great ease, a precipitate forming almost at once. The 
method adopted for purification of all these substances was the 
same as that for the diquinolylamino ethane derivatives 
previously described, viz., solution in hot aniline, cooling and 
then precipitation with dry ether, followed by washing several 
times with ether. 

1 :4-OI-(a-phenyl-4osrboxy-7-qulnolyl)-plpersslfie (XIV). 

(Fig. Ill, E, R*, R\ Ri* = H.) 

A light brown powder (3-5 g. ) was obtained from 
l:4-di-(m-aminophenyl) -piperazine (3 g.'), benzaldehyde 
(2 g.) and pyruvic acid (2 g.) in alcohol (80 cc.) which 
after purification melted at 265°. 
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Found C - 74*2, H - 5-3% ; calculated for G M H n 0 4 N„ 
C - 74-5, H - 4*8%. 

The ammonium salt was moderately soluble in water to a 
brown solution. The Na- and Ba-salts were sparingly soluble 
and yellow in colour The insoluble Al-salt was orange-red and 
the insoluble Mg- and Pb-salts were yellowish brown. Hydro- 
chloric acid gave a deep-red precipitate with the solution of the 
ammonium salt. 

1 :4-Dl-(2-anisyl-4-carboxy-7-quinolyl)-piperazlne (XV). 

(Pig. Ill, R, Rj = OCH,; R* R, 1 = H.) 

A light reddish brown powder (4 g.) was obtained 
from a solution of 1 : 4-di- ( m-aminophenyl) -piperazine 
(3 g.), anisaldehyde (3 g.) and pyruvic acid (2 g.) in 
alcohol (80 cc.) after heating for a few minutes, which 
after purification melted at 217°. 

Found C - 711, H = 5*4% : calculated for 0 S8 H 83 O fl N 4 , 
C - 71*3, H - 5*0%. 

The ammonium salt was but spanngly soluble in hot watei, 
giving a yellowish brown solution The sparingly soluble Na- 
salt was yellow. The Mg-, Ba- and Pb-salts were insoluble and 
yellowish brown in colour. The insoluble Al-salt was red. Hydro- 
chloric acid gave a deep-red precipitate with the aqueous solu- 
tion of the ammonium Balt 

1 :4-DI-(2-verstryl-4-earboxy-7-quinolyl)-piperazlne (XVI). 

(Fig III, R, Rj, R\ = OCH, ) 

This substance was obtained as a brown powder 
(3*5 g.) by refluxing a solution of 1 : 4-di-(m-amino- 
phenyl) -piperazine (3 g.), veratric aldehyde (3*5 g.) 
and pyruvic acid (2 g.) in alcohol (80 cc.) for fifteen 
minutes. After purification it melted at 242°. 

Found C - 68*4, H • 5*6% ; calculated for C 40 H 88 O 8 N 4 , 
C - 68*6, H - 5*1%. 

The yellowish NH 4 -salt was soluble to some extent in hot 
water, forming a reddish brown solution. The Na-salt was 
yellow and sparingly soluble The Ba-, Mg- and Pb-salts were 
all yellowish-brown and insoluble. The insoluble Al-salt was 
red. Hydrochloric acid precipitated a deep-red powder from 
4 the aqueous solution of the ammonium salt 
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1:4-DI- (2-pipe ronyW-csrboxy-7-qulnolyi)-plpcraxlne (XVII). 

(Fig. Ill, RE,, R 1 , R, 1 = :0,CH*.) 

A light brown powder (3 g.) was obtained by 
refluxing an alcoholic solution of 1 : 4-di-(m-aminophenyl)- 
piperazine (3 g.), piperonal (3*5 g.) and pyruvic acid 
(2 g.) for a few minutes. After purification it melted 
at 236°. 

Found C « 67*9, H * 4*67* ; calculated for i\ J1 28 0 8 N«, 
C * 68*3, H - 4*2%. 

The NH 4 -salt was sparingly soluble and gave a red-brown 
solution. The Na-salt was yellow. The Mg- and Ba-salts were 
yellowish brown and insoluble. The Al-salt was orange red 
and the Pb-salt orange in colour, both being insoluble. Hydro- 
chloric acid precipitated a deep-red solid from the aqueous solu- 
tion of the ammonium salt. 

1 :4-DI-(2-vanlllyl-4-carboxy-7-qulnolyl)-pipera*lne (XVIII). 

(Fig. Ill, R, R 1 = OH; R,, R, 1 = OCH,.) 

This substance was obtained as a light reddish-brown 
powder (3 g.) by refluxing an alcoholic solution of 
1 ; 4-di-(aminophenyl) -piperazine (3 g.), vanillin (2*5 g.) 
and pyruvic acid (2 g.) for a few minutes. After puri- 
fication it melted at 242°. 

Found C * 67*6, H * 4*6% ; calculated for C l!8 H„0 § N 4 , 
C * 67*9, H - 4*8%. 

The NH«-salt was easily soluble in the hot, giving a deep 
brown solution. The Na-salt was also brown and easily soluble. 
The Ba- and Mg-salts were insoluble and yellowish brown. The 
Al-salt was insoluble and brick red in colour. The insoluble 
Pb-salt was brownish-red in colour. Hydrochloric acid produced 
a deep-red precipitate from the aqueous solutions of either the 
NH«- or Na-salts. 

1:4-Dl-(2-p-dlmsthylaminophenyl-4-c«rboxy-7-qulnolyl)- 
piperazlne (XIX). 

(Fig. Ill, R, R l =: N(CH,),; R„ Ri 1 = H.) 

This substance was obtained readily as a deep-red 
powder (5 g.) by refluxing an alcoholic solution of 
1 : 4-di-(m-aminophenyl) -piperazine (3 g.), p-dimethyl- ‘ 
aminobenzaldehyde (3 g.) and pyruvic acid (2 g.). 
After purification it melted at 278°. 
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Found C - 71*8, H • 6*2% ; calculated for C 40 H 8g 0 4 N c , 
C - 72*1, H - 5*7%. 

The NH«-salt dissolved in hot water forming a deep-red brown 
eolation. The Na% Ba- and Mg-ealts were all sparingly soluble 
and yellowish brown. The Pb-salt was insoluble and reddish 
brown in colour. The scarlet Al-salt was also insoluble. Hydro- 
chloric acid produced an intensely coloured reddish purple 
precipitate from the aqueous solution of the ammonium salt. 

A small quantity of each of the quinoline derivatives 
described above was dissolved in cold concentrated 
sulphuric acid and the colour noted. The solution was 
then poured into ice-water and the colour again observed. 
Usually a remarkable development of colour occurred, 
particularly with those derivatives having several sub- 
stituent basic groups. It is worthy of comment that the 
treatment did not apparently remove the methylene dioxy 
group from those derivatives in which it was contained. 
The results obtained are tabulated below. 


Substance. 

Colour in concentrated 
sulphuric acid. 

Colour after dilution. 

1 

Brownish yellow 

Intense red 

II 

Orange 

Intense magenta 

Ill 

Deep-red 

»• •» 

IV 

Yellow 

Deep purple 


Reddish brown 

Red brown precipitate 

sfMififiH 

Deep red 

Red precipitate 

Cr IrVlHlH 

Deep red brown 

Deep red 

VMsm 

Brownish yellow 

Light reddish brown pre- 
cipitate 

IX 

Brownish red 

Brownish red precipitate 

X 

„ »♦ 

»» »* »» 

XI 

»» H 

»» i» M 

XII 

„ „ 

»* »» »» 

XIII .... 

»» »» 

Deep red solution 

XIV 

Deep red brown 

Red precipitate 

XV 

’* ft »» 


XVI 

M M tf 

»* »» 

XVII .... 

»» »» >i 

M »» » 

XVIII .... 

M *» »* 

M If 

XIX 

Brownish yellow 

Deep red solution 


Department of Organic Chemistry, 
Hie University of Sydney. 
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DERIVATIVES OF 2-PHENYL QUINOLINE. 
Part III. 

SOME DERIVATIVES OF POLYHYDROXY 
“ATOPHAN8". 

By Muriel Gertrude Holdsworth, m.Sc., 
and Francis Lions. b.Sc., Ph.D. 


( Read before the Royal Society of New South Wales. Dec 7, 1939 ) 

Many derivatives of 2-phenyl quinoline-4-carboxylic 
acid (“Atophan”) are known in which there are sub- 
stituent phenolic hydroxyl groups or phenolic ether 
groups. Theoretical considerations show that there may 
be 8 isomeric monohydroxyiated 2-phenyl quinoline-4- 
carboxylic acids, and no less than thirty-one dihydroxy 
isomers. (When the number of hydroxyl groups is 
larger the number of possible isomers also increases.) 
In the present paper are briefly described a few deriva- 
tives of 2-phenyl quinoline-4-carboxylic acid wliicn have 
been obtained during application of the Ddbner synthesis 
and the Pfitzinger synthesis to the preparation of 
2-phenyl quinoline-4-car boxy lie acid derivatives. The 
decarboxylation of these substances and the tinctorial 
properties of the resultant 2-phenyl quinoline derivatives 
will be described in a later paper. 

The nomenclature of the compounds described is made 
clear by reference to the following numbered skeleton 
diagram: 


COOK 



Z — December 7, 1932. 
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Experimental. 

2-(3':4'*Dlhydroxyphenyl)-qulnollne-4-carboxyllc sold. 

A solution of aniline (3 g.) in alcohol (20 cc.) was 
added gradually to a solution of pyruvic acid (3 g.) 
and protocatechuic aldehyde (5 g.) in boiling alcohol 
(50 cc.). After about thirty minutes’ heating under 
reflux a brownish yellow powder commenced to crystal- 
lise. Heating was continued for a further thirty minutes, 
after which the solution was cooled and filtered. The 
precipitated cinchoninic acid was found to be practically 
insoluble in all the usual organic solvents. It was 
purified by solution in concentrated potassium carbonate 
solution and treatment of the resultant dark red solution 
iu the hot with animal charcoal followed by filtration 
and treatment of the filtrate with dilute acetic acid. 
After careful washing and drying the purified orange- 
yellow acid did not melt below 300°. 

Found C * 68-0, n * 4-2'S : calculated for C Jfl H n 0 4 N, 
C - 08-3, 11 - 3-9%. 

The NH,-, Na-, and Mg-salts of this substance are all readily 
soluble to deep red solutions in water The Ba-salt is also red- 
brown in colour and is somewhat soluble. The insoluble Al-salt 
was deep red in colour, and the insoluble Pb-salt brick red. 
Hydrochloric acid produces a brick red precipitate from a solu- 
tion of the alkali salts. The acid dissolved readily in cold 
concentrated sulphuric acid from which water precipitated an 
orange red solid 

7-hydroxy-2-(2'-hydroxyphenyl)-quinollne-4-carboxylic Acid. 

Heating of a solution of m-aminophenol (3 g.), 
salicylaldehyde (3*3 g.) and pyruvic acid (2*5 g.) in 
alcohol (100 cc.) under reflux for some time led to 
formation of the expected quinoline derivative, though 
only in poor yield (1 g.). It was obtained as a ybllow 
powder, insoluble in the usual organic solvents and was 
purified by solution in potassinm carbonate solution, 
heat treatment with animal charcoal and repreeipitation 
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with dilute acetic acid as before. The purified substance 
did not melt below 300°. 

Found C - 68*4, H * 41%; calculated for C 16 H tl O<N, 
C - 68*3, H - 3*9%. 

The NH 4 -, Na-, Mg-, and Ba-salts of this acid are all soluble 
in water, forming red-brown solutions. The Al* and Pb-salts 
are Insoluble and yellow. Hydrochloric acid gives a yellow 
precipitate from the aqueous solutions of the alkali salts. The 
acid dissolved in cold concentrated sulphuric acid to give an 
orange red solution from which addition of water gave a light 
yellow precipitate. 


2-(2 / -hydroxy-3':4 / -dtmetHoxyph6fiyl)-quinoUne-4*carboxyllo Acid. 

This substance was obtained by an application of 
Pfitzinger’s synthesis. To a solution of isatin (10 g.) in 
30% potassium hydroxide (60 ce.) was added 2-hydroxy- 
3 :4-dimethoxyacetophenone (12 g.), and the solution was 
heated at 100° for 8 hours. After dilution with water 
(200 cc.) the solution was boiled with animal charcoal 
and the quinoline derivative (12 g.) recovered from the 
filtrate with dilute acetic acid. Recrystallised from 
alcohol, it was obtained in reddish brown needles melting 
at 245°. 

Found C « 66*3, II « 5 0%; calculated for r I(l H lg O,N, 
C - 66*5, H - 4-6%. 

This quinoline acid dissolves readily in aqueous ammonia or 
alkali solutions giving yellow solutions. The Mg-, A1-, and Pb- 
salts are insoluble and yelow, and the insoluble Ba-salt is orange 
yellow. Hydrochloric acid produces a yellow precipitate from 
solutions of the alkali salts. The solution of the acid in cold 
concentrated sulphuric acid was brownish yellow in colour. 
Addition of water caused the precipitation of yellow solid. 


2-(2':3':4'-Trlmethoxyph«nyl)-qulnollne-4-csrboxyllc Add. 

A solution of isatin (10 g.) aud 2 : 3 : 4-trimethoxy- 
acetophenone (15 g.) in 30% alcoholic potassium 
hydroxide solution (70 cc.) was heated .tinder reflux for 
ten hours. The alcohol was then distilled off and after 
addition of water the solution was heated with animal 

ZZ — December 7, 19S2. 
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charcoal and filtered. By acidification of the filtrate 
with acetic acid the quinoline derivative (13 g.) 
crystallised and was filtered off. Recrystallised from 
alcohol it was obtained in pale yellow needles melting 
at 196°. 

Found C - 67*0, H - 5*3% ; calculated for C 19 H tT 0 8 N, 
C « 67*2, H - 5-0%. 

The NH 4 -salt was yellow and soluble The very pale yellow 
Na-salt was only moderately soluble. The Mg> and Ba-salts 
were insoluble in water and cream-coloured. The insoluble 
Al-salt was lemon-yellow and the insoluble Pb-salt was almost 
white. Hydrochloric acid produced a yellow precipitate from a 
solution of the ammonium salt The acid dissolved in cold 
concentrated sulphuric acid to an orange solution. This became 
yellow in colour on dilution, and after standing for some time 
a yellow precipitate formed 

7-Hydroxy-2-(3':4'-dihydroxyphenyt)*qulnollne-4-carboxylic Acid. 

Kefluxing for a few minutes of a solution of m- 
aminophenol (3 g.), protooatechuie aldehyde (5 g.) and 
pyruvic acid (4 g.) in alcohol (100 ec.) led to rapid 
formation of the t ri hydroxy a toplia n , which was precipi- 
tated as a light brown powder (4-5 g.). It was purified 
by solution in aqueous potassium carbonate solution, 
heat treatment with animal charcoal, filtration and 
acidification of the filtrate with dilute acetic acid as 
before and was thus obtained as a light brown powder 
which did not melt below* 300°. 

Found C - 64*2, n * 4*0%; calculated for C 10 H n O a X, 
C - 64*6, H « 3*7 

The NH«-, Na- and Ba-salts of this acid were all soluble, 
dissolving in water to dark red solutions. The insoluble Mg-salt 
was red-brown, and Pb-salt was insoluble and red, and the 
insoluble Al-ealt was deep red in colour. Hydrochloric acid 
produced a red precipitate from the solution of the acid in 
dilute ammonia. The acid dissolved in cold concentrated 
sulphuric add to a deep red solution from which water pre- 
cipitated a dark orange-red powder. 

Department of Organic Chemistry, 

The University of Sydney. 
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AX EXTENSION OF KNORR’S PYRROLE 
SYNTHESIS. 

By Gregory Boxdietti, m.Sc., 
and Francis Lions, B.Sc., Ph.D. 

(Read before the Royal Society of Keic South Wales, Dec 7, IPS I.) 

To the group of pyrrole syntheses in which the pyrrole 
ring is closed in the fi y position, belongs the theoretically 
important method of Piloty and Robinson, from the 
azines of enolisable ketones (Piloty, Ber. (1910), 43, 
497; Robinson and Robinson, Journ. Chcm. tioc. (1918), 
113, 039); but the most important is the very general 
synthesis due to Knorr (Ber. (1884), 17, 1038; Annalcn 
(1880), 236, 317). Knorr originally reduced isonitroso 
ketones in the presence of acetoacetic ester with zinc and 
acetic acid, the isonitroso compound being reduced first 
to an a-amino ketone, which at once condensed with the 
keto-ester to give an aminocrotonic ester. This then lost 
water with formation of a pyrrole. 

R— C»0 fH v -COOC t H« ft-C'O CH-CODC^H* 

NH * 

R-C C-CO OCJHg 

J ' 

Further careful investigation of the reaction by Knorr 
and Lange (Ber. (1902), 35, 2998-3008) showed that 
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better yields of pyrrole could be obtained when the amino 
ketone was separately prepared and then condensed with 
a 0-keto-ester or 0-diketone. 

Knorr’s synthesis has been widely applied, notably in 
the synthesis of various haemopyrroles. However, its 
extension to the preparation of ring compounds of the 
hydrogenated indole or carbazole types has been confined 
almost entirely to one or two examples. Piloty showed 
that succinyl succinic ester could be condensed with 
aminoacetone to dimethyldihydropyrrindole (I) (Ber. 
(1910), 43, 489); whilst Duden has shown that 
a-aminocamphor can be condensed with acetvlacetone to 
the indole derivative (IT) (Annalen (1900), 313, 25; 
Her. (1901), 34, 3054). 


f Y rr 

'“ c 'Ar 


<f«3 

C",— <r C C' C0CH i 


X 


IT 


In the present work some exploration of the possibility 
of extending the ICnorr synthesis generally to the 
preparation of compounds of the hydrogenated indole, 
carbazole and related types has been made by certain 
preliminary exj>eriments. In the first of these the open 
chain 0-keto ester or 0 diketone of Knorr has been 
replaced by a cyclic 0-diketone — dimethyldihydro- 
resorcinol. After related trials it has been found 
possible to isolate small yields ot pyrroles from the 
reaction mixtures obtained by reducing isonitrosoketones 
with zinc dust in acetic acid solution in presence of 
dimethyl dihydroresorciuol. Thus, reduction of isonitro- 
soacetone in presence of dimethyl-dihydroresorcinol led 
to formation in 10% yield of 3:6: 6-trimethyl-4-kets- 
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4:5:6: 7-tetrahydro indole (III) ; whilst by reduction of 
diacetyl monoxime in presence of dimethyl-dihydro- 
resorcinol a small yield of 2:3:6:6-tetramethyl4-keto- 
4: 5: 6: 7-tetrahydro indole (IV) was obtained. 


t",' 




?«<• <s— 




CM,x 

c*r 


C* 'C — C-C«i 

1 II I 


nr 


1SL 


In the samp way reduction of a-isonitroso-a-bcnzyl 
acetone with zinc dust in acetic acid solution in presence 
of dimethyldihydroreHorcinol led to the formation of 
3:6: 6-trimethyl-2-benzyl4-keto4 : 5 : 6 : 7-tetrahydro indole 
(V), the yield in this instance being 22'*. It was 
previously found by one or two experiments — described 
in the experimental section — that a-isonitroso-abenzyl 
acetone is specially suitable for the formation of 
pyrroles in the Knorr synthesis. 

Attempts to prepare pyrroles by reducing a-isonitroso 
ketones with zinc dust and acetic acid in presence of 
1 : 3-diketohydrindene proved abortive. Condensation 
appeared to occur readily enough but no definite pure 
substances could be isolated from the reaction mixtures. 

In a second set of exjieriments the open chain 
a-isonitroso ketone of Knorr was replaced by a cyclic 
a-isonitroso ketone — 2-isonitroso-l-bydrindone. It was 
found possible by reducing 2-isonitroso4*hydriudone with 
zinc dust in acetic acid solution in presence of acetyl 
acetone to isolate a small yield of 2-methyl*3*aeetyl4: 5- 
indeno (1 : 2) -pyrrole (VI); but the, corresponding 
condensation of 2-isonitroso-l-hydrindone with aeetoacetlc 
ester could not be satisfactorily achieved. 
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Finally, an experiment was carried out in which 
2-isonitroso-l-hydrindone was reduced with zinc dust in 
acetic acid solution in presence of dimethyldihydro- 
resor cinol Although a small yield (about 1%) of a 
crystalline substance was isolated it was not possible 
to purify and characterise it. 

9 

cH^Vr- tM * 

ch ( ''S.t c " N « c ' ch ‘ c - h « 

•S- ZSL 

Tlie fact that condensation of preformed a-amino- 
ketones with p - keto esters and p diketones always gives 
better yields of pyrroles than the method in which an 
a-isonitroso ketone is reduced in presence of the j8-keto 
ester or /J-diketone, suggests that improved yields of 
pyrroles may be obtained in the above condensations, and 
it is proposed to carry out further experiments using 
the former method. 


Experimental. 

2:4-Dlmethyl-3»acetyl'5»benzyl pyrrole. 

To a solution of a isonitroso a benzyl acetone (10 g.; 
c/. Bonn, /fcr. (1907), 40 . 4660) and acetyl acetone 
(7 g.) in acetic acid (120 g.) was gradually added zinc 
dust (30 g.) with good cooling, after which the 
mixture was allowed to stand for thirty minutes 
and later was heated to 100° for thirty minutes. 
It was then filtered whilst hot and the filtrate 
collected in cold water. A white flocculent precipitate 
separated which was collected and recrystallised from 
methyl alcohol. There were thus obtained transparent 
!»**»» having a very pink tinge, melting at 165-166°, and 
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readily soluble in methyl alcohol, ethyl alcohol, ethyl 
acetate, acetic acid and acetone. 

Found C - 79-5, H * 7*5%; calculated for C l5 H IT OX, 
C - 79-3, H * 7*6%. 

A dilute alcoholic solution of this pyriole when treated with 
p-dimethylaminobenzaldehyde and hydrochloric acid at once 
developee a beautiful red colour (Ehrlich’s reaction). 

Ethy 1*2: 4-dim ethyl -5-benzyl pyrrole-3-carboxylate. 

Zinc dust (60 g.) was gradually added with constant 
stirring to a solution of a-isonitroso-a-benzyi acetone 
(20 g.) and ethyl aeetoacetate (15 g.) in glacial acetic 
acid (220 g.), the temperature not being allowed to rise 
above 10°. Thirty minutes after completion of the 
addition the mixture was heated to 90-100 for a further 
thirty minutes, after which it was filtered and the 
filtrate poured into cold water. The white solid which 
separated (12 g. ) was collected and recrystal Used from 
methyl alcohol. It was thus readily obtained in large 
crystals with quite a pronounced pink tinge, melting at 
119°. 

Found O « 74*6, H = 7 3 '/ ; calculated for 
C = 74-7, H * 7*4%. 

This pyrrole ester is readily soluble In the usual organic 
solvents but insoluble in watei. In Ehilich’s pyrrole test it 
gives an immediate definite rose-red coloration. 

3:6:6-Trimettiyl-2*benzyl*4-keto-4:5:6:7*tetrahydro Indole (V). 

Zinc dust (30 g.) was gradually stirred into a solution 
of o-isonitroso-a-benzyl acetone (12 g. ) and dimethyl 
dihydroresorcinol (11 g.) in glacial acetic acid (120 g.) t 
the temperature being kept below 20°. The solution 
gradually assumed a green colour during the addition of 
the sine (one hour). The mixture was then heated at • 
90-100° for two hours and was then allowed to stand 
for 48 hours, after which it was filtered and the filtrate 
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carefully stirred into cold water. The resulting liquid 
was allowed to stand at 0° for 24 hours, when a yellow 
flocculent precipitate (5 g.; 22% of theory) had 
separated. Becrystallised from ethyl acetate it was 
obtained in faintly yellow micaceous flakes melting at 
197°. 

Found C - 80*4, H * 8*0%; calculated for C 18 H 21 ON, 
C « 80-9, H « 7*9%. 

The substance was readily soluble in the usual organic 
solvents but may be recrystallised from alcohol or ethyl acetate. 
It does not give Ehrlich’B reaction for pyrroles, and does not 
give any colour with ferric chloride in alcoholic solution. 

3 : S : 6-Trlmethy l-4-keto-4: 5:6: 7-tetrahydrolmlole (III). 

Zinc dust (30 g.) was gradually stirred into a solution 
of isonitrosoacetone (8 g.) and dimethyldihydroresorcinol 
(13 g.) in glacial acetic acid (120 g.), the temperature 
being maintained below 5° throughout the addition. 
After standing thirty minutes the mixture was finally 
warmed for thirty minutes and then filtered. Dilution 
of the flltrate with cold water led to gradual separation 
of a small amount of the expected pyrrole derivative 
(2 g.). It was recrystallised with difficulty from ethyl 
alcohol and thus obtained in small brownish coloured 
needles, melting at 156°. 

Found C * 74*1, H * 8*6%; calculated for C 11 H 1B ON, 
C - 74*6, H - 8*5%. 

Very soluble in all the usual organic solvents, this substance 
gives a very definite rose* red coloration in alcoholic solution 
when treated with Ehrlich’s reagent. 

2:3:6: 6-Tetramethy l-4-keto-4 : 5 : 6 : 7-tetrahy droindole (IV). 
Zinc dust (30 g.) was gradually stirred into a solution 
of wisonitroso-a-methyl acetone (10 g.) and dimethyl- 
dihydroresorcinol (12*8 g.) in glacial acetic acid (100 g.), 
the temperature being kept below 10°. Finally, after 
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standing 30 minutes, and heating at 90-100°, for a 
further hour the liquid was filtered and the filtrate 
poured into cold water. Yellow crystals commenced to 
separate, and after standing overnight at 0° these were 
collected and recrystallised from ethyl acetate, long 
yellow needles melting at 228° being thus obtained. 

Found C - 75-4, H « 8-9%; calculated for f ia H lt ON, 
C - 75-9, H * 9*0%. 

From the ethyl acetate mother liquors it was possible 
to isolate in small quantity a product crystallising in 
colourless prisms and melting at 173*178°. Owing to 
the small amount present it was not possible rigidly to 
purify it. An analysis showed V « 06*0'/, H - 8-4%. It 
seems most probable that this substance is similar to the 
intermediate described by Knorr (Her. (1902), 35, 2998- 
3008) and should have the structure (VII). 

CH X V CH °*C/ CH 3 

ch, x i I! » 

A ' C Vh. 
c.ty' c A nh c 5 

m. 

In such a substance (C I2 H 10 O 2 X) there would be 
C * 68*9%, and H * 9 0%. 

The 2:3:6: 6-tetramethyl-4-keto-4 .5:6: 7-tetrahydroindole above 
described is readily soluble In the usual oiganic solvents, and 
does not give a red coloration when treated with Ehrlich's 
reagent in alcoholic solution. 

2>Met hy l-3-acety 1-4 : 5-1 ndeno (1 :2)-pyrrol« (VI). 

Zinc dust (20 g.) was gradually stirred into a solution 
of isonitroso-ahydrindone (10 g.) and acetyl acetone 
(9 g.) in acetic acid (80 g.), the temperature being 
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prevented from rising by cooling the mixture in ice- 
water. Immediately after the first addition of zinc dust 
the solution became bright red in colour — an effect due 
to the action of zinc and acetic acid on isonitroso-a- 
hydrindone as it occurred even in absence of acetyl 
acetone. When excess of zinc had been added the colour 
gradually disappeared. After warming for 10 minutes 
on the water bath the mixture was filtered and the filtrate 
diluted with water. A brown sticky solid separated. 
Ether was added and the mixture well shaken. After 
allowing the liquids to separate it was observed that 
a solid mass had collected at the junction of the two 
liquids. It was filtered off and recrystallised from much 
alcohol and thus obtained in very small faintly pink 
needles melting at 254°. 

Pound V - 791. IT * 0*4% : calculated for C 14 H 13 OX, 
C * 79 6, IT » 6-2'/< . 

This pyrrole derivative is but sparingly soluble in the 
usual organic solvents but can be recrystallised from 
much alcohol. It does not give Ehrlich's test for 
pyrroles. 

Additional experiments in which isonitroso acetone, 
diacetyl monoxime and a-isonitroso-a-benzyl acetone were 
reduced with zinc dust in acetic acid solution in presence 
of 1: 3-diketohydrindene led only to formation of pasty 
masses from which no crystalline material could be 
isolated. 

In other experiments isonitroso-a-hydrindone (10 g.) 
was reduced by addition of zinc dust (25 g.) to its 
solution in acetic acid (80 cc.) in presence of ethyl 
acetoacetate (9 g.). It was found possible by the 
procedure described previously to isolate small amounts 
of a brownish-red crystalline substance which melted at 
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195-197°, but was difficult to purify. An analysis 
showed C - 84*1, H * 6*4%, but these figures are out of 
agreement for the expected pyrrole. 

Finally, in an experiment in which 2*isonitrosol* 
hydrindone (6 g.), and dimethyldihydroresorcinol (0) 
were dissolved in acetic acid (110 cc.) and zinc dust 
(25 g.) carefully added with cooling, the mixture being 
finally filtered into water, it was possible to isolate about 
1% of a high melting brownish crystalline substance 
which could be recrystallised from ethyl acetate. The 
amount was, however, too small to continue further. 

Department of Organic Chemistry. 

The University of Sydney. 
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A NOTE ON DIFFRACTION GRATINGS USED 
WITH GRAZING INCIDENCE. 

By O. U. Vonwilleb, b.Sc., F.lnatP. 

Professor of Physics , University of Sydney. 

(With Plate X ) 

(Read before the Royal Society of New South Wales , Dec 7, 19St ) 

Borne time ago Mr. W. F. Qale drew my attention to 
the fact that with a plane reflexion or transmission 
diffraction grating it is possible to see the Fraunhofer 
lines in the spectrum of the sun without artificial aid, 
such as slit, lenses, etc. A little experimenting showed 
that a necessary condition is that the light fall on the 
grating almost at grazing incidence, while the sharp- 
ness of the lines is greater the nearer the diffracted rays 
are to the normal to the plane of the grating. An 
examination of the ordinary formula for the plane 
grating shows at once how this comes about; if 6 be 
the angle between an incident beam and the plane of 
the grating, and the angle between the normal to the 
grating and the diffracted beam giving a maximum for 
any spectral line, 4> being taken as positive if diffracted 
and incident beams are on opposite sides of the normal, 
we find that if the grazing angle be increased by an 
amount d$ } small compared with 6, which itself is assumed 
to be small, the direction of the diffracted beam is 
changed by where 

Cos ^ d*f> » — SdB 
or if dd be not small compared with 6 

dB 
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If a distant source subtend an angle dB at the grating, 
the divergence of the diffracted rays for a given 
maximum is given by the above expressions, provided, 
of course, that 6 is small. Unless Vos <f> is small, is 
obviously less than dB, the ratio of d$ to dB decreasing 
as B and ^ decrease. 

The matter may be discussed even more simply: the 
ratio of widths of incident to diffracted beams is 
Sin 6 $ 

, or, if 0 be small, , so that a lateral 

Cos <l> Cos <f> 

contraction, represented by this factor, is produced by 

the arrangement. 

In a paper submitted to the Hritish Astronomical 
Association, Mr. Gale has given a description of observa- 
tions made with the solar spectrum, together with the 
deduction and examination of the above expressions. 
In this note I present an account of some observations 
with emission spectra from a sodium fiame which illus- 
trate the effect very well.* 

In these experiments the grating, a plane metal 
grating with 14,431 lines to the inch, the length of the 
ruled surface being 2*7 cms., was placed on a spectro- 
meter table. The focal length of the collimator was 
23 cms., and that of the observing camera 53 cms. The 
plane of the grating was inclined at a small angle to 
the axis of the collimator and photographs taken of 
spectra of various orders. The plates used were Ilford 
Special Rapid Panchromatic. It was found, as the 
theory indicated, that when wide slits were employed it 


* Since preparing it I have seen a short paper on the use of 
wide slits at grazing incidence by Morris-Alrey, Phil. Mag., 
11, 414, 1906, the only reference to the effect which I have 
found. 
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was possible to secure fine spectral lines provided that 
B and <f> were small. 

Some typical results are recorded on the accompanying 
plate in which there is an enlargement of 1*55. The 
width of the slit was about 1*1 mm., B was 1° 52', and dB , 
the angle subtended by the slit at the centre of the 
collimator was 16' 20". 

In PI. X, fig. 1, are shown, d, the direct image of 
the slit, and O, the reflected beam; these were taken 
simultaneously, enough light passing in front and behind 
the grating to give the image d, so that the ratio of the 
width of either image to the distance between their 
dB 

centres is — . As the enlargement of the original plate 

is 1*55 and the ratio of the focal length of camera to 
that of collimator is 2*3 the actual slit dimensions are 
magnified about 3*6 times. 

The flrst, second and third order spectra obtained with 
this arrangement are shown in the same figure and are 
indicated respectively by the numliers 1, 2 and 3. Of 
course the camera had to l>e set in a different position for 
each of these, but the magnification was exactly the same 
as in the direct photograph of the slit. 

The angles of diffraction, <£, for the stronger line w*ere 
+ 41° 39', + 19° 14' 50" and - 0° 18' 15" respectively, and 
the values of B/cos were 0*047, 0*0346 and 0*0326, the 
corresponding increase in sharpness as we go from the 
flrst to the third order being clearly seen. The source 
of light w f as comparatively feeble and the respective times 
of exposure w*ere 5, 10 and 20 minutes. 

The effectiveness of the arrangement is seen in 
PI. X, figs. 2 and 3, showing spectra of the first and 
third order when an intense source was used. The 
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reversal of each line is clearly seen in the third order 
with the aid of a magnifying glass, although there has 
been a considerable loss of sharpness in the reproduction 
from the original plate. For each of these the time of 
exposure was one minute, and photographs have been 
taken of the fourth order, for which - 19° 53' 50", 
these, however, requiring much longer exposures. 

We see, as the theory indicates, that quite wide slits 
may be employed without loss of resolving power, and 
it is not difficult to see that in certain instances there 
is a distinct advantage in this arrangement over those 
usually employed, the greater width of slit more than 
compensating the small width of incident beam. Inci- 
dentally, with this setting of the grating the fifth order 
could be seen quite clearly with the intense beam, a result 
impossible for large values of 0 with this grating space. 

The intensity obtained with a given setting naturally 
depends on the form of the rulings; for example, when 
this grating was reversed the intensity was greatly 
reduced in the higher orders. 

Even more striking differences bet wren the width of 
Rlit and those of the lines in the diffraction sjH*ctra were 
observed with smaller values of 0. Very sharp and bright 
diffraction spectra were seen when 0 was only 35', but 
for smaller angles there was a great falling off in 
intensity; sharp but very faint lines could Ik* seen in 
the third order w T hen 0 was as small as 20'. 

An interesting fact is that the sharpness depends 
hardly at all on the focussing of the collimator, although 
the camera must always Ik* focussed correctly for 
parallel rays. As an extreme illustration, Pl. X, fig. 4,. 
shows the first, second and third order spectra obtained 
when the collimator lens was removed, so that from 
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each point on the slit a divergent beam fell on the 
grating; nevertheless the camera focus was the same as 
with parallel beams falling on the grating. The exposures 
were 20 min., 60 min. and 120 min. respectively, the light 
being very faint. Actually the sharpness is greater here 
than when the collimator lens is used, this being due in 
part to the fact that the distance between slit and centre 
of grating was 36 cm. instead of the 23 cm. between slit 
and centre of collimator lens, thus reducing the value of 
dO by the factor 23/36. Against this we have the 
divergence of the beam from any part of the slit, but 
from the data it is readily seen that this produces a 
comparatively small effect. However, for a given 
setting, the sharpness, as well as the intensity, when no 
collimator is used, depends on the dimensions of the 
grating, striking variations in the apparent complexity 
of the lines being obtained by altering the width of the 
ruled surface employed and the mode of illumination of 
the collimator slit. A treatment of this case will form 
the subject of a further note. 

It may be mentioned here that a sodium flame placed 
at a distance of 2 or 3 metres, the collimator being 
entirely removed, gave a sharp pair of lines, with or 
without the telescope, this being the equivalent to the 
observations made by Mr. Gale. 

A fact which sometimes may be of value is that with 
the aid of a grating used in this manner the correct 
adjustment of collimator and telescope in a spectro- 
meter can be readily made by the following method. 
With the grating set almost at the grazing position, 
using a wide slit and a source giving a line spectrum, 
view a spectrum satisfying the condition that <t> is small. 
Focus the telescope for this: the telescope is thus 



Journal Royal Society of NA.W., Vol. LW /, t(M>. Plate X. 




Pi v i k IX. 

Fig. l.—d, image of slit by direct light, o. image of slit b> 
reflected light; 1, 2, 3, diffraction spectra of fust, second and 
third orders using a faint source. • 

Fig. 2. — First order spectrum, very bright source. 

Fig' 3, — Third order spectrum, very bright source. The line 
of shorter wave-length is on the left in this case 

Fig. 4.— First, second and third order si»ect<a taken without 
collimator lens using faint source. 


Fig. 
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focussed for parallel rays, however badly the collimator 
may be out of focus. Then turn the telescope to view 
the slit directly and adjnst the collimator until the image 
is sharply focussed. 

It is readily seen that with any grating if a spectrum 
of some order is obtained at an angle the sharpness 
of the lines and the dispersion are independent of the 
grating space, but of course the sharpness depends on 
the total number of lines. 



492 


M. B. WELCH. 


THE LONGITUDINAL VARIATION OF TIMBER 
DURING SEASONING. 

By M. B. Welch, BSc., a.I.C., 

Economic Botanist, Technological Museum , Sydney. 

( Read befoic the Royal Society of New South Wales, Dec 7, 193t ) 


Whilst it is a well known fact that as a general rule 
the longitudinal shrinkage of timber during seasoning is 
negligible, nevertheless it is sometimes important that 
the approximate amount of such shrinkage should be 
kuown. According to Koehler 1 it usually >aries from 
0*1 to slightly over 0*33' in passing from a green to 
an o\ en-dry condition, but mention is made of the fact 
that Tupelo occasionally shrinks as much as 1*25 '/< and 
Yellow Pine compression wood up to 3*25%. The radial 
shrinkage is approximately 50 times as great as the 
longitudinal shrinkage, and the tangential shrinkage 100 
timeR as great. When the wood is cross grained the 
apparent longitudinal shrinkage may be considerably 
higher than normal, due to a component of the lateral 
shrinkage being introduced. The variation in lateral 
and longitudinal shrinkage is usually explained 
theoretically by the assumption that the cell wall is 
composed of spirally oriented minute longitudinal fibrils, 

1 Koehler, A.: "The Properties and Uses of Wood,” McGraw 
Hill, 1924, p. 51. 
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between which water is held; loss of moisture from the 
wood results in the closer packing of the Abrils and 
hence lateral shrinkage occurs, whilst due to a longi- 
tudinal component caused by the inclination of the spiral 
to the axis, a small amount of shrinkage may occur 
lengthwise. The shrinkage effects due to alteration in 
thickness of the water films surrounding the ultramicro- 
scopic particles or micellae, of which the fibrils are 
supposed to be formed, is discussed by Forsaith*. Brown* 
has suggested that the presence of a longitudinal, 
sparingly branched, non-hygroscopic, siliceous skeleton 
in the cell wall would inhibit longitudinal shrinkage or 
swelling due to moisture variation. 

In the present experiment a number of short boards 
with straight grain were selected, each 10" long, 4" 
wide, and 1" thick. The ends were coated with paraffin 
w r ax, a small amount being scraped off to allow the 
measuring instruments to rest on the wood. Whilst 
some 44 of the earlier wood samples were measured with 
a 12" vernier caliper, the majority were measure with 
a specially constructed piece of apparatus, so arranged 
that measurements were always takeu at the same 
distance from the bottom and one edge of the board. 
Due to normal lateral shrinkage, there was a slight 
alteration in the position of the line along which 
measurements were made, but since the ends of the 
boards were accurately squared prior to the readings 
being taken, any error due to this alteration can be 
neglected. Measurements with this apparatus were made 
by means of a dial gauge to the nearest 0*0005". 

■Forsaith, C. C.: “The Technology of, New York Statrf 
Timbers,” Tech. Publ. No. 18, New York State College of 
Fo re stry, 1026. 

•Brown, F. B. H.: Bull. Torrey Bot . Club, 47. 407, 1920. 

Bb — December 7, 1932. 
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Measurements were made at regular intervals during 
the air seasoning of the wood from a green to an air-dry 
condition for periods varying from six months to three 
years, and the difference between the original measure- 
ment and the mean air-dry figure is regarded as the size 
variation due to seasoning. This is expressed as a per- 
centage of the total length of the board, the number of 
specimens of each species, the maximum, minimum, and 
mean variation in the size being shown in the accom- 
panying table. 

The maximum possible error due to the difference 
between coefficients of linear expansion of the wood and 
the master gauge used to check the measuring apparatus 
does not exceed 0*005% over the range of temperature 
observed. 



No. 

l 

I 

Shrinkage % 



Max. 

Min. 

Mean. 

Acacia mrlanoxylon , Blackwood 

4 

009 

001 

0*05 

AcJtwna MuslUri , Corkwood 

o 

004 

—0*03 

0*01 

Angophora Ba Jerri, Apple 

Baloghia iucida, Bn«h Bloodwood 

o 

016 

009 

0*13 

2 

002 

—0*02 

0 00 

Cardutllui mbit mis. Silky Oak . . 

2 

004 

—0*02 

001 

Ccdrtla Toona % Cedar 

1 





0 03 

Ceratopctalum apetalum, Coach - 
wood 

6 

005 

-0*03 

0 03 

Cryptocarya erythrorylon, Pigeon- 
berry Ash 

1 



0*11 

C. glaucescens, Brown Beech 

4 

013 

-0*05 

004 

Dapbandra micrantha. Northern 

Sassafras 

o 

017 

0 04 

0*10 

Diploglottis CunninpJiamii, 
Tamarind 

2 

003 

0*02 

-0*03 

Dorypbom sassafras. Sassafras . . 

9 

014 

-0*01 

0*07 

1 

i 

i 

7 

0*09 

-0*07 

0*02 

Mmiumdra Sieberi, White Cork- 
wood 

2 

0*05 

0 03 

0*04 

Eucalyptus amplifolia 

2 

0*17 

0*04 

0*10 
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Shrinkage % 


No. 

Max. 

Min. 

Mean. 

E. Andrewai, New England 
Peppermint 

E. Blakeleyi , Red Gum . . 

4 

0*06 

004 

0*06 

2 





0*01 

E. botryoides , Ban gal ay . . 

2 

— 

— 

0*05 

E. cornea . . 

2 

-0*03 

-0*04 

-0*03 

A?, crebra. Narrow-leaved Iron bark 

2 

-0*05 

-0* 13 

-0*09 

E. Dalrympleana, Mountain Gum 

2 

0*02 

-0*03 

-0*01 

E. DeUgatensis, Alpine Ash 

2 

0*19 

-0*02 

0*08 

E. eugenioides, White Stringy bark 

2 

—0*03 

-0*06 

-0*04 

E. Jastigata , Brown Barrel 

2 

0*05 

-004 

0*01 

E. globulus ( bicostata ), Eurabbie . . 

2 

-0*01 

-0*03 

-0*02 

E. macrorrhyncha , Red Stringy - 
bark 

4 

0*05 

0*01 

0*03 

E. maculata, Spotted Gum 

E. microcorys , Tallowwood 

0 

010 

-010 

-0*03 

13 

006 

- 0*10 

-0*01 

E. obliqua , Messmate 

2 

— 

— 

-006 

if. ortades, Mountain Ash 

2 

0*02 

-0*02 

0 00 

E. paniculate. Grey Iron bark 

2 

-0*01 

-0*02 

-0*02 

E. phellandra. Narrow -leaved 

Messmate 

2 

-0*05 

-0 04 

-0*04 

E. pilularis , Blackbutt . . 

11 

009 

-008 

000 

E. piperita , Peppermint . . 

3 

0*16 

-0*06 

0*02 

E. polyanthemos, Red Box 

2 

0*01 

-0*01 

0*00 

E. punctata. Grey Gum 

4 

0*09 

-0*10 

0*01 

E. rarifiora , Black Box 

4 

-004 

-0*01 

-0*07 

E. resinifera, Red Mahogany 

11 

(M2 

-0*10 

-0*01 

E. rostrate, Murray Red Gum 

9 

0*25 

0*04 

0*12 

E. saligna , Blue Gum 

10 

0 08 

-0*08 

-0*01 

E. sideroxylon. Red Ironbark 

2 

0*08 

0*03 

005 

E. tereticomis. Forest Red Gum . . 

2 

-0*05 

-0*08 

-0*07 

E. t nminalis. Ribbon Gum 

2 

-004 

-0*07 

-0 06 

Flindersia Brayleyana, Queensland 
Maple 

4 

0*08 

-006 

0*01 

Flindersia australis, Colonial Teak 

1 

— 

-- 

- 0*03 

Oeissois Benthami , Red Carabeen 

2 

0*03 

0 01 

0*02 

OmeUna Leichhardtii , Beech 

3 

0*10 

0 00 

0*03 

Litsea reticulata , Bolly Gum 

I 

-0*03 

— 

0*01 

Oriies excelsa , Prickly Ash 

2 

-0*08 

—0*06 

Schtoomeria ovate. Crab Apple . . 

2 

0*12 

0*10 

0*11 

Sloanea Woollsii, Yellow Carabeen 

4 

0*05 

-0 04 

0*01 

Stenocarpus salignus , Beefwood 

2 

0*04 

—0*03 

0*01 

Sterculia acerifoUa , Kurrajong . . 

2 

-0*06 

—0*06 

—0*06 

Synearpia laurijolia , Turpentine 

15 

0*08 

—0-05 

0*01 

Tmrietia actinophyUa, Stavewood 

4 

—0*05 

—0*12 

—0*07 

T. argyrodendron, Crow's-foot Elm 

2 

0*08 

—0*01 

0*06 - 

Triettmia conferta, Brush Box . . 

6 

0*26 

—0*06 

0*05 

FiOorwio Moorei , N.8.W. Maple 

2 

-002 

—0*03 

—0*02 







BBb — December 7, 1132. 
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CovmBous Woods. 



No. 

Shrinkage % 


Max. 

Min. 

Mean. 


Agathis Palmcretoni , Queensland 

■ 

■ 

■ 


Kauri 

mm 


■ 

0-26 

A. macrophylla , Vanikoro Kauri 
Araucaria Cunninghamii , Hoop 

2 ! 



0*06 

Pine 

3 



005 

Callitrxs glauca. Cypress Pine 

10 



-005 


An examination of the figures shows that in all cases 
shrinkage did not occur, the figures prefixed with a 
minus sign indicating that actually swelling apparently 
occurred. Some woods showed only shrinkage, others 
only swelling, others again both swelling and shrinkage 
in the same species. Comparing the Eucalypts with the 
nou-Eucalypts, it is found that the means for 15 
Eucalypts indicated swelling and only 11 showed 
shrinkage, out of a total of 29 species, whereas for 33 
non Eucalypt species, 26 showed shrinkage and swelling 
occurred iu only 6. Of the 62 species, 22 showed 
shrinkage only, 14 swelling only, and 26 both swelling 
and shrinkage. 

Whereas some of the heaviest woods, e.g.> E . crebru 
(67 lbs. per cubic ft.), E . rariflora (74 lbs.), E. paniculata 
(66 lbs.), showed swelling only, this also occurred in 
StercuHa aceti folia (30 lbs.) and Orite* emcelsa (41 lbs.). 
Again shrinkage only was found in E . tiderowylon 
(65 lbs.) and also in Daphnandra micrantha (40 lbs.). 
Kauri is usually credited with having the maximum 
longitudinal shrinkage, and although one sample of 
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Queensland Kauri showed 0-267* ♦ one specimen of 
Vanikoro Kauri showed no movement. The range of 
shrinkage of all specimens was sero to 0*26% Mpotfci* 
Palmentoni), and of swelling *ero to 0-137 in ( E . 
crebfa). It should be clearly recognised, however, that 
the comparatively few specimens of each species 
examined, in some cases only one, does not allow of any 
generalisation to be made, since obviously the range of 
variation will no doubt be extended with further records. 

The swelling effect was observed in si>ecimens which 
were measured with the vernier calipers as well as in 
those measured with the dial gauge apparatus. 

The only explanation which can be suggested is that 
internal stresses developed during seasoning may cause 
an elongation of the wood under certain conditions, and 
this aspect is lieing further investigated. 

In conclusion, I wish to acknowledge the valuable 
assistance rendered by Mr. F. 11. Khambier, of the 
Museum staff, during the progress of this work. 



408 


H. B. WELCH. 


EXPERIMENTS ON THE DAILY SHRINKAGE 
AND SWELLING OF WOOD. 

By M. B. Welch, B.Sc., A.I.C., 

Economic Botanist , Technological Museum , Sydney 
(With One Text-figure.) 

( Read before the Royal Society of New South Wales, Dec 7, 199Z ) 


In connection with an investigation of the shrinkage 
and swelling of timber when exposed to atmospheric 
conditions, an experiment was made to determine the 
maximum amount of size variation liable to occur in 
certain timbers in the Sydney district. Since size and 
moisture content are definitely correlated, the experi- 
ment also indicated the maximum and iniuimuin moisture 
content. 

Six timbers were selected, one quarter-cut (t’.e., 
parallel to the rays) and one backed off (i.e., at right 
angles to the rays) piece being used of each species. 
Three of these* species comprised coniferous softwoods, 
namely, Cypress “Pine'’ (CalUtris glauea ), Queensland 
Kauri (Agraffcts Palmerstoni) . and Baltic “Pine” (Picea 
evoelsa). Three were hardwoods, Tallow wood ( Eucalyp- 
tus miorooory «), Blackbutt ( E . pilularU ), and Alpine 
Ash (E, DelegatensU ) . 

In order to obtain the maximum variation in size in 
the shortest time the specimens were cut I" in length 



DAILY SHRINKAGE AND SWELLING OP WOOD. 499 

in the direction of the grain, 4" wide and Y* thick, and 
the end grain was left uncoateil. 

Measurements were made with a shrinkage micrometer 
to the nearest 0*001", at 9 a.m., 1 p.m., and 5 p.m. daily, 
with the exception of week-ends and holidays, over a 
period from 31/7/1980 to 11/9/1931: in all, over 7,000 
readings being taken. At frequent intervals the speci- 
mens were also weighed, and by determining the oven- 
dry weight at the end of the experiment, it was possible 
to determine the moisture content present at each 
weighing. By plotting the moisture content thus calcu- 
lated and the size of the specimen it was possible to 
determine the relationship between these factors, and 
hence to determine the moisture content correspond ing 
to any dimension of the sjxM imeii. An example of the 
size and moisture content relationship for quarter-cut 
Cypress Pine is shown in Figure I. 

The specimens were placed alternately in eight 
positions for periods of about three weeks, each situa- 
tion giving different conditions. Wet and ury bulb 
temperatures were recorded at each station aud the rela- 
tive humidity determined. 

Table 1 shows the maximum and minimum moisture 
percentages found at each of the eight stations. An 
examination of the results shows that Tallowwood 
varied least the moisture content ranging from 
9*2 to 15*1%, whereas Baltic varied from 5*5 to 18*4% • 
Cypress Pine also showed a comparatively small range, 
namely, 7*5 to 15*1%, similarly Blaekbutt 7*5 to 15*8%, 
Alpine Ash 5*8 to 16*2%, and Queensland Kauri from 
4*5 to 18*1%. There does not appear to be any connec- 
tion between the direction of the cut and the variation 
in moisture content; the same timber at one station 
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showed a greater variation when quarter-cut, at another 
station, the converse occurred. The minimum moisture 
figures were found at station (4), southerly aspect, 
evidently as the result of a hot dry wind, and the 
maximum at stations (1) and (3). As would be 
expected, the minimum variation occurred at stations 
(5), (6), (7) and (8). 

Table 2 gives the mean moisture percentages at each 
station, at 9 a.m., 1 p.m., and 5 p.m., together with the 
mean relative humidities. Whereas there was prac- 
tically no alteration in the moisture content of the wood 
during the day in inside positions (stations (5), (6), 
(7) and (8) ), the mean alteration not exceeding 0*1%, 
there was a mean reduction of 0-8% at station (3) in 
which the samples were exposed to an afternoon sun. 
At station (2), with an easterly aspect, the mean reduc- 
tion amounted to 0-9% between 9 a.m. and 1 p.m., with 
an increase of 0-2% between 1 p.m. and 5 p.m. In an 
outside position protected from the sun, there was a 
decrease of 0*5% between 9 a.m. and 1 p.m and a 
further decrease of 0*2% during the afternoon. With a 
southerly aspect the morning decrease amounted to 0*5% 
without further reduction from 1 p.m. to 5 p.m.; whilst 
facing west the morning decrease of 0*3'/ was less than 
that in the afternoon, namely, 0*5%. 

Dealing with the individual timbers, the minimum 
moisture variation was found in Tallow wood, the 
greatest alteration being only 0*3% at station (2). 
Similarly, Blackbutt showed a variation of 0*5% at 
station (2), Cypress Pine 0*7% at stations (2) and (3), 
Alpine Ash 0*9% at station (3), Kauri 1*4% at station 
(3), and Baltic 1*6% at station (3). • 

The actual shrinkage in inches can be determined 
from Column 5, Table 4. 
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Mean Percentage of Moisture in Timbers at Different Periods , namely , 9 a.m. f 1 p.m., and 5 p.m. 
Stations similar to those in Table 1. 
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Table 3. 

Maximum Shrinkage or Swelling and Corresponding Moisture Variation *> 
found between 9 am. and 1 pm. in any one day. 



Shrinkage or Swelling. 

Moisture Variation %. 

Inside. 

Outside. 

Inside. 

Outside. 

Blackbutt Q. 

0-005' 

0-013' 

0-6 

1*4 

„ B. . . 

0-005' 

0-019' 

0-5 

1-7 

Tallowwood Q. . . 

0-002' 

0-007' 

0-3 

1-0 

B. .. 

0-002' 

0-007' 

0-2 

0-8 

Alpine Ash Q. . . 

0 008' 

0-022' 

0-9 

2-6 

„ B. . . 

0-015' 

0-039' 

1-1 

2-8 

Cypress Pine Q. . . 

0-006' 

0-019' 

0-8 

2-4 

„ B. . . 

0-006' 

0-020' 

0-7 

2-3 

Q’ld. Kauri Q. . . 

0-000' 

0-022' 

1-5 

3-6 

„ B. . . 

0-008' 

0-031' 

1*1 

4*1 

Baltic Q. . . 

0-008' 

0-023' 

1-4 

4-1 

B 

0-013' 

0-043' 

1-4 

4-6 


Table 4. 


Blackbutt 

Tallowwood 

9f • * 

Alpine Ash 

99 • • 

Cypress Pine 

ft ♦ • 

Queensland Kauri 
Baltic 


1 

2 

3 

Q 

14-9 

7-6 

B 

14-7 

8-3 

Q 

14-9 

9-3 

B 

15-1 

9*5 

Q 

16-3 

5-8 

B 

16-4 

6-2 

Q 

15-1 

7-5 

B 

14-6 

7-5 

Q 

18-1 

6-0 

B 

18-2 

6-0 

Q 

18-0 

5-6 

B 

18-6 

5-6 


* 

5 

I * 

i 

11-3 

0-0023 

51-3 

11-5 

0 0028 

56-3 

12 -2 

0-0017 

65 3 

12-3 

0-0022 

62-1 

11-1 

0-0021 

39-8 

11*3 

0-0035 

40-4 

11-2 

0-0020 

45-4 

11- 1 

0-0022 

44-5 

12-1 

0-0015 

28-7 

12*1 

[ 0-0019 

27-5 

11*8 

1 0-0014 

28*6 

12* 1 

0-0024 

23-1 


1. Q= “ Quarter cut." B= “ Backed off.” 

2. moisture percentage occurring during experiment. 

3. Minimum moisture percentage occurring during experiment. 

4. Moan moisture percentage occurring during experiment obtained 

, max. -f min. * 

from ^ 

5. Variation in width in inches, per inch, per 1 % moisture alteration. 

6. Weight per cubic foot in pounds, air-dry volume and weight. 

Co— December 7, 1992. 
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It is a common belief amongst timber users that 
flooring should be laid preferably in the afternoon, since 
the wood which has absorbed moisture overnight has by 
then shrunk to its minimum size. The maximum lateral 
shrinkage found between 9 a.m. and 1 p.m. for any one 
day is shown in Table 3. For example, Tallowwood 
showed a maximum lateral shrinkage of only 0*002" for 
inside positions, and even outside the variation was only 
0*007", for a section of a 4" board, an amount which is 
absolutely negligible. Moreover, these figures are 
extremes since they were obtained from very short 
sections with almost a maximum amount of end-grain 
freely exposed, and would be considerably less than 
those obtained from boards of even moderate length.* 


* In order to determine the relative amount of movement in 
specimens of greater lengths in comparison with these used in 
this experiment, short boards 4" in width and 1" thick of Tallow- 
wood, Alpine Ash and Baltic were selected. Two sections were 
cut from each, one measuring 10" long and the other 1" long. 
The widths of larger section were measured across the middle 
and also at 1" from the end, at frequent intervals. The following 
average size variations, either shrinkage or swelling, were 
obtained : 



X 

**■ 

% 

X 

% 





1* X4*X 1* 


End. 

Middle. 


Tallowwood 

0*0016* 

00017* 

0-0066* 

Alpine Ash 

0-0086* 

0 0031* 

0-0226* 

Baltic 

00077* 

0-0076* 

0-0189* 


Neither Tallowwood nor Baltic showed much difference 
between the width variation of the end and middle, although 
Alpine Ash showed a greater end movement. The mean move- 
ment of the centre of the board was approximately two and a 
half times less than the movement of the 1" section in the case 
of Baltic, three times with Tallowwood, and seven times with 
Alpine Ash. 
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Cypress Pine gave a maximum shrinkage of 0*020" 
and 0*006" for outside and inside positions respectively, 
Blackbutt 0*019" and 0*005", Kauri 0*031" and 0*009", 
Alpine Ash 0*039" and 0*015", Baltic 0*043" and 0*013". 
Between 1 p,m. and 5 p.m. the maximum daily shrinkage 
was as follows: Tallowwood 0*007" and 0*002" for out- 
side and inside positions respectively, Blackbutt 0*019" 
and 0*003", Cypress Pine 0*019" and 0*003", Kauri 
0*020" and 0*005", Alpine Ash 0*029" and 0*007", Baltic 
0*020" and 0*008". Stored in a building therefore the 
daily morning or afternoon shrinkage, even in the 
timbers which showed the greatest variation, namely, 
Alpine Ash and Baltic, scarcely exceeded 0*01" in 4". 
Without doubt, many open joints in flooring boards are 
caused through storing thoroughly seasoned timber in 
buildings when the humidity is high, due to moisture 
evaporated from wet plaster, concrete, etc. It does not 
appear possible therefore for daily variations in moisture, 
due to normal atmospheric conditions, to be worth 
considering. 

Table 4 shows the maximum, minimum, and mean 
moisture contents of the wood samples, together with 
the width variation per inch found to occur in each 
sample for an alteration of 1*0% in the moisture content. 
The densities of the woods are also given. It is 
interesting to note that in some timbers the variation 
between the movement of the “quarter cut” and “backed 
oft” is almost negligible; e.g., Cypress Pine, Tallowwood, 
Blackbutt, and Queensland Kauri. The greatest varia 
tion occurs in Alpine Ash and Baltic. The maximum 
alteration in size corresponding to a 1/0% moisture gain 
or loss was 0*0035" in backed-off Alpine Ash, and the 
minimum 0*0014" in quarter-cut Baltic. 

OCe — December 7, 1932 
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Summary. 

A series of measurements was made three times daily 
over a period of about fourteen months to determine 
the lateral shrinkage and swelling of short “quarter-cut” 
and “backed-off” sections of six different timbers. The 
wood samples were placed in eight different positions 
in order to obtain as variable conditions as possible. The 
variations in size and moisture content are correlated 
and tables show the maximum and minimum percentages 
of moisture found at each station, the mean moisture 
content at each period at which measurements were made, 
the maximum swelling and shrinkage and the corres- 
ponding alteration in moisture content between 9 a.m. 
and 1 p.m. in any one day, and the lateral movement 
corresponding to a change of 10% in the moisture 
content of the wood. 

Since short sections were used the size variation was 
considerably greater than that likely to occur in boards, 
but even in such short sections the maximum daily move- 
ment for timber such as Baltic, stored inside, was not 
found to exceed 0*013" in 4", and 0-043" for timber 
stored outside, between 9 a.m. and 1 p.m., whilst in a 
timber such as Tallowwood the size variation did not 
exceed 0-002" and 0-007" for inside and outside positions 
respectively, an amount which is practically negligible. 

In conclusion, acknowledgment is due to Mr. F. B. 
Shambler, of the Museum staff, for his very considerable 
assistance in making the necessary measurements. 
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APPLICATION OF OPTICAL SPECTROSCOPY TO 
ANALYSIS OF TUMOUR TISSUE.* 

By Winifred R. Mankin, m.Sc. 
(Communicated by Professor O. U. Von^illei ) 

(With Plate XI.) 

( Read before the Royal Society of New South Wales, Dec 7, 1932 ) 

A method has been described of qualitatively deter* 
mining the presence of metals in a specimen of dried 
tumour tissue. Besides the metals iron, magnesium, 
sodium, potassium and calcium which are commonly 
known to occur in such tissue, there is evidence of the 
presence of aluminium, chromium, copper, lithium, 
manganese, strontium and zinc. Judging from the rela- 
tive intensities of the lines, aluminium, lithutm and 
strontium are present in much greater proportion than 
the other rare constituents. 

No raies ultimes of the following elements have been 
found: antimony, beryllium, boron, cadmium, c&sium, 
cobalt, indium, iridium, lead, nickel, palladium, platinum, 
rhodium, silicon, thallium, titanium, zirconium, lutecium. 

A report is given summarising the evidence of the 
raies ultimes . 

The investigation has been undertaken with the object 
of determining both qualitatively and quantitatively the 
heavy elements of animal tissue. The presence of tfce 

•This work was carried out under the control of the Cancer 
Research Committee of the University of Sydney, and with the 
aid of the Cancer Research and Treatment Fund. 
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following elements, barium, bismuth, molybdenum, 
vanadium and rubidium, has been left indefinite owing 
to the presence of lines of the more commonly occurring 
metals of the tissue (for example, iron), or of the metal 
of the electrode, at the same wave lengths as those of the 
raies altimes of the above elements. 

Methods of Investigation. 

Three methods by which this analysis can be done are, 
the ordinary procedures in analytical chemistry, optical 
spectroscopy and X-ray spectroscopy. 

The method which has been selected for trial is that 
of optical spectroscopy. It was decided to use electric 
means of excitation by some modification of an arc or 
spark circuit: the former which gives a less complex 
spectrum than the latter was chosen. The principal of 
the Pfund arc obviously could not be applied, nor could 
one use electrodes of the tissue. Professor Vonwiller 
then suggested that metal electrodes be used and that 
the lower (which it has been found advisable to make 
the positive one) should have a small cone-shaped depres- 
sion drilled in it (for description see Chemioal Engineer- 
ing and Mining Review ll) ). In this cavity a portion of 
the dried tissue is placed, and as this amount of material 
takes roughly 15 seconds to ash, the number of renewals 
will of course depend on the time during which one 
wishes to expose the photographic plate to the tissue 
spectrum. In some trials 110 volts D.C. is used, the 
current employed being about 6 amps., while in others 
250 volts D.C. supply is used, the current then being 
about 3 amps. The higher voltage gives a steadier arc, 
but when using the E3 Hilger quartz spectroscope (which 
at a later stage was put at my disposal), it was not 
available owing to the unsuitable wiring of the building. 
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Numerous electrodes were used, but silver was found 
the most suitable. Copper was sometimes used as there 
are regions in its spectrum which have relatively fewer 
lines than similar regions in the silver spectrum. 

Method of Detection of Metals. 

The arc spectrum given by the electrodes is taken, and 
underneath this the spectrum which is given with the 
added tissue. One assumes that the lines which are not 
common to both are due to the tissue. On this is super- 
imposed a spectrum taken under similar conditions to 
the above, of the element whose presence or absence it 
is wished to determine; an estimate is made visually of 
whether its rales ultimes are present in the tissue or not. 
For increased convenience and accuracy, Professor 
Vonwiller suggested that enlargements of the plates be 
made. Through the courtesy of Professor Stump, who 
generously allowed the use of the enlargement apparatus 
in his department, the plates were enlarged live times 
and printed in the positive in one operation. This is 
a very real advantage as no detail of structure is lost 
and the spectrum from the quartz spectroscope, which 
ranges from 7,000 A.U. to 4,000 A.U., is now about four 
feet in length. Other methods of determining wave 
length are discussed elsewhere. (1 ‘ 

Concerning Quantitative Analysis. 

With a technique similar to that already described, 
some preliminary experiments have been conducted on 
the relative intensity of certain sodium and potassium 
lines to those of certain magnesium lines in known 
mixtures of salts of sodium, potassium, calcium, 
ftts gnmrinm and phosphorus ; also on the relative 
intensity of certain gold and silver lines in known 
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alloys of these two metals. Some interesting results 
have been obtained which it is hoped to communicate 
at a later date. It is thought, however, that more satis- 
factory results can be obtained by comparing the 
intensity of lines corresponding to similar transitions 
in elements which give like spectra, than by arbitrarily 
selecting lines; work is being carried out at present by 
the usual methods of spectrum analysis on silver gold 
alloys of known composition. 

Bomb Observations on the Spectra of Tissue. 

Consideration of the photographs reveals some 
interesting points. The common effect of the inconsis- 
tency of the variation in intensity of lines is seen. For 
example, lithium line 6,708 appears stronger in the silver 
and tissue 3$ minutes’ exposure than in the silver and 
tissue 1 minute exposure. Similarly the calcium lines 
5,270-62 are stronger in the former than the latter, while 
the iron lines between 2,938 and 3,030 have about the 
same intensity in the two spectra. On comparing a 
spectrum of copper and tissue with that of silver and 
tissue taken with the same exposure, one finds that, 
although the strong calcium lines 3,969 and 3,934 appear 
to have the same intensity in the two spectra, yet the 
iron lines 2,938-3,030 are represented in the copper 
spectrum but faintly, while much more intensely in the 
silver spectrum. 

The accompanying photographs give an idea of the 
quality of the work done by enlargement of the original 
plates. 

Plate XI, Fig. 1, is a spectrum given by the silver 
electrodes for 1 minute exposure, and below that is a 
spectrum of silver plus tissue for the same time of 
exposure. The lines not common to both are marked 
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according to the element to which they belong. Wherever 
a line of a commonly occurring element has also corres- 
ponded with a raie ultimo of a rare element which may 
be present in tissue it is taken as belonging to the former. 

The five magnesium lines on the extreme left of Fig. 1 
are 2,783-08, 2,781-53, 2,778-36, 2,779-94 and 2,776-80. The 
dispersion here is approximately 2 A.U. « 1 millimetre. 
Further to the right can be seen four lines of phosphorus, 
2,550-0, 2,553-37, 2,535-74 and 2,534-12. The dispersion 
here is approximately 1-4 A.U. - 1 millimetre. An 
examination of the spectra shows the well known pole 
effect, also the common effect of alteration in intensity, 
for the silver lines are on the whole less intense in the 
silver plus tissue spectrum than the one above it. 

Plate XI, Fig. 2, shows a portion of a copper spectrum 
from 4,063 A.U. to 3,248 A.U. The top one is a copper 
spectrum and the lower copper and tissue; both were 
taken with an exposure of five seconds. It will be seen 
that the copper spectrum is relatively rich in lines 
bearing out the statement that copper on the whole is 
less suitable as a carrier than silver. The cyanogen 
band starting at 3,884 A.U. is an example of how 
continuous spectrum from an abundant constituent in 
the tissue prevents the detail of lines in this region being 
examined. 

Evidence on Which Detection of Metals is Based. 

Sometimes a raie ultimo of a metal has been found 
present in the electrode plus tissue, and also in the 
electrode. Its presence in the tissue can usually be 
determined by the greater concentration of the line in 
the former. However, if this is not # the case, then an 
electrode of another metal free from lines in this region 
is used. 
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Four sources of reference have been used for raies 
ultimo * . These are Tr. Negresco (a), E. Balj (b), 
Critical Tables (c) and Hilger (d). 

Aluminium . — 3,962, 3944 (a, l, c, d) present (p.) in 
silver plus tissue, also present in silver. Present in 
copper plus tissue, not present (n.p.) in copper. 

Chromium . — 3,594 (b), p. in silver and tissue, n.p. in 
silver, 4,255 (r, d) p., 2,836 (c) n.p., 5,209, 5,206 
(b, c) masked by silver line 5,209. 4,290 (a, b, c) if 
present masked by iron. 3,605 (d) p., 3,579 (d, b) p., 
2,850 (c), 2,843 (c), n.p. 

Copper . — 3,248 ( a , b, c, d), 3,274 (a, b, c, d) if p., 
masked by continuous spectrum. 5,218 ( a , b) if p., 
masked by continuous spectrum. 5,153 ( a , b) if p., 
masked by sodium. 5,106 (a, b) p., but also p. in silver. 
2,136 (c) and 2,192 (c) both p. 

Lithium.— 6J08 (d, b, c) p. 4,602 (b) n.p. 3,233 
(d, o, b) n.p. 6,104 (d) n.p. 

Jfcmgrancae. — 1,031 (b, c, d) if p., masked by iron. 
4,035 (d, b) p. 2,594 <b, c, d) n.p. 2,576 (a, c, d, b) n.p. 
2,606 (b, c, d) n.p. 4,824 (b) p., but also in silver. 
4,783 (b) n.p. 4,754 (b) p. 2,594 (c, d, b) n.p. 2,576 
(c, d, b) n.p. 

Strontium. — 1,608 (b, d) p. 4,078 (d, c, b) p. 4,306 
(b) if [>., masked by calcium. 4,216 (c, d, b) if p., 
masked by calcium. 

Zinc. — 4,722 (d, b, c, a) p., but there is also a rate 
ultimo of bismuth at this wave length. It is attributed 
to sine which has more evidence in favour of it. 4,811 
(a, 5, c, d) p. 3,345 (a, b, c, d) n.p. 4,680 (d, b, a) n.p. 
3,303 (d, a) if p., masked by sodium. 2,558, 2,138 (a) 
n.p., 2,502 (a) if p., masked by magnesium. 
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In conclusion, I wish to take this opportunity of expressing 
my thanks for material, and the loan of apparatus, to Professors 
Davies, Earl, Eastaugh, Pawsitt and Stump, Dr. Chapman and 
Mr. C. W. Morris. In particular I wish to thank Professor 0. U. 
Vonwiller, under whose direction this work was done, for his 
encouragement, practical assistance and the apparatus which he 
put at my disposal, and also for very many suggestions through- 
out the entire progress of this work. 
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Explanation of Plate XI. 

Fig. 1. — Above: Spectrum given by silver electrodes (exposure 
one minute). Below: Spectrum given b> silver electrodes and 
tissue (exposure one minute). 

Fig. 2. — Above: Spectrum given by copper 4,063 A.U.-3.248 
A.U. (exposure five seconds). Below: Spectrum given by copper 
4,063 A.U-3,248 A.U. and tissue (exposure five seconds) 
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RESEARCHES ON INDOLES. 

Part III. 

APPLICATION OF THE JAPP KLINGEMANN 
REACTION TO CYCLIC 0-KETO-ACIDS. 

By Francis Lions, b.Sc., Ph.D. 


( Read before the Royal Society of New South Walee, Dec 7, 19 St ) 

In a recent paper Jackson and Manske ( J.A.C.S. 
(1930), 52, 5029) described the preparation of y-(2- 
carbethoxy-3-indolyl ) -butyric acid, and observed that 
heat treatment of this acid led to formation of appre- 
ciable quantities of 1 : keto-1 : 2 : 3 : 4-tetrahydrocarbazole 
(I). Coffey ( Rec . Trav . Chim. (1923), 42, 528) had 
previously shown that this substance could be readily 
obtained by cyclisation with acid of the monophenyl- 
hydrasone of cyclohexan-1 : 2-dione (II), which, in turn, 
was easily obtainable by the action of benzene diazonium 
chloride on the sodium derivative of oxymethylene 
cyclohexanone. 





ZZ£ 


Now it is well known that diazonium salts react with 
the alkali salts of a-mono-substituted 0-ketoacids to form 
snbstitued hydrazones, carbon dioxide being simul- 
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taneously eliminated (cj., for example, Japp and 
Klingemann, Annalen, 247 , 218). 

.co CO “R* 

-e Ch -IT > R NH-rg-i-*" t- NaCL i-C0 4 

\oonk 

It is thus at once apparent that a ready method of 
preparation of the monophenylhydrazone of cyclohexan- 
1 : 2-dione should be that in which benzene diazonium 
chloride is permitted to react with an alkali salt of 
cyclohexanone-2-carboxylic acid (III). Confirmation of 
this point of view is to be found in the fact that cyclo- 
pen tan-1 : 2-dione monophenylhydrazone (V) has already 
been prepared by adding a solution of benzene 
diazonium chloride to a solution of cyclopen tanone-2- 
carboxylic acid and then adding sodium acetate 
(Dieckmann, Annalen (1901), 317 , 63). 

It has now been found that addition of a solution of 
benzene diazonium chloride to the solution obtained by 
treatment of ethyl cyclohexanone-2-carboxylate with one 
equivalent of aqueous alcoholic alkali at 0° for 24 hours, 
followed by addition of solid sodium acetate, leads to a 
rapid evolution of carbon dioxide and the separation of 
the expected cyclohexan-1 : 2-dione monophenylhydrazone 
(II) in almost quantitative yield. This is readily 
cyclised to 1-keto-l : 2 : 3 : 4-tetrahydrocarbazole ( 1 ) by 
boiling with a mixture of glacial acetic acid and hydro- 
chloric acid as already shown by Coffey ( loc . cit). It 
is worthy of comment that no trace of the phenyl 
hydrazone (II) was obtained by Jackson and Manske 
when they treated an aqueous alcoholic solution of the 
sodium derivative of ethyl eyclohexanone-2-carboxylate 
at once with benzene diazonium chloride, only the phenyl 

Dd — December 7 f 1932. 
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hfdraMone ot the half ester of a-keto-pimelic add (IV> 
being obtained (loc. cit., p. 5080). 



0 


JS 3L ** 

In a precisely similar manner, it has been fonnd quite 
easy to prepare cyclohexan-1 : 2-dione mono-a-naphthyl- 
hydrazone (VI), mono-£-naphthylhydrazone (VII) and 
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mono-p-tolylhydrazone (VI II), and to effect the cyclisa- 
tion of each of these to the corresponding ketotetrahydro 
carhazole derivatives : 10-kcto-7 : 8 : 9 : 10-tetrahydro-a-/?- 

nuphthacarhazole (IX) , 8 keto-8 : 9 : 1 0 : 11-tetrabydro a~p 
naphthacarbazole (X) , and 6-methyl -l-keto*l : 2 : 8 : 4 
tetrahydrocarbazole (XI), respectively. 



The cyclisation of the hydraxones (VI), (VII) and 
(VIII) could be effected by the method employed by 
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Coffey, but it was found much better to employ alcoholic 
hydrogen chloride or alcoholic sulphuric acid, cleaner 
products being thus obtained, which could be more 
readily purified. 

The hydrazone derivatives (V), (VI), (VII) and 
(VIII) have all been further characterised by conversion 
into characteristic derivatives of the type described by 
Coffey ( loc . dt.). Thus, treatment of (V) with alcoholic 
phenylhydrazine solution leads to the ready formation of 
the phenylosazone m.p. 146 c previously prepared 
by Dieckmann (Beridhtc (1907), 30, 1472) from cyclo- 
pen tandione and phenylhydrazine. Treatment of (V) 
with hydrazine hydrate in alcoholic solution leads to 
the formation of the crystalline hydrazone phenyl* 
hydrazone of cyclopentan-1 : 2-dione (XII) obtained in 
apricot coloured plates m.p. 120°. Warmed with alcoholic 
acetic acid (XII) is rapidly transformed into cyclopentan- 
1 : 2-dione-ketazine-2 : 2'-diphenylhydrazone (XIII), pre- 
cipitated almost at once in very sparingly soluble rrimson 
needles which decompose without melting on heating. 


tt x 

NH .N+C——C"* 

XB 

Similar derivatives, described in the experimental 
section, were obtained from the other substituted phenyl 
hydrazones (VI), (VII) and (VIII). 

The further utilisation of the keto tetrahydrocarbazoles 
so readily obtainable by the method described will be 
indicated in a later paper. 



NH rK 


1 ant N NaemC C,H V 

?h -NH./V— 

XZH 
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Experimental. 

Cyclohexan-1 :2-dione monophenylhydrazone (II). 

To an ice-cold solution of ethyl cyclohexanone-2- 
carboxylate (36 g. ; cf. K6tz and Michels, Annalen , 350 , 
210; Kdtz, Annaleti, 358, 198) in alcohol (40 cc.) was 
added an ice-cold solution of potassium hydroxide (12 g.) 
in water (60 cc.). After being kept at 0° for 24 hours 
ice-water (1 litre) was added to this solution,* and then 
to the vigorously stirred resultant liquid a solution of 
benzene diazonium chloride (from aniline (18*6 g.), 
concentrated hydrochloric acid (50 cc.), water (100 cc.), 
and sodium nitrite (13-8 g.) ) was added in one lot. 
Crystallised sodium acetate (30 g.) was then added. A 
fine yellowish-brown precipitate was at once formed and 
carbon dioxide was rapidly evolved. When the evolution 
of gas was complete the stirrer was stopped and the solid 
filtered off, washed with water and then recrystallised 
from ethyl alcohol. It was thus obtained in gleaming 
red-brown plates which melted at 185-186° (Cofltey gives 
the melting point as 183-185°). The yield was prac 
tically quantitative. 

Treatment of an alcoholic solution of this substance 
with phenylhydrazine as described by Coffey yields the 
characteristic phenylosazone m.p. 153-154°. Further, if 
boiled with a mixture of concentrated hydrochloric acid 
and glacial acetic acid it readily forms 1-keto-l : 2 : 3 : 4 
tetrahydrocarbazole (I) M.P. 169 170° (Coffey, loc . cit., 
p. 531). 

Cyelopentan-1 :2-dione monophenylhydrazone (V) m.p. 208°. 

This was readily obtained in an exactly similar manner 
(c /. Dieckmann, Annalen, 317 , 63). By boiling with an 
alcoholic solution of phenylhydrazine for thirty minutes 
it was readily converted into cyclopentan-1 : 2-dione 
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phenylosazone which crystallised on cooling in long 
yellow prisms melting at 146°. This substance had 
previously been obtained by this method, and also by 
treatment of cyelopentan-1 : 2-dione with phenyl hydra- 
zine (Dieckmann, Herichie (1897), 30, 1472). 


Cyclopentan-1 :2-dlone hydrazone phenylhydrazone (VII). 

This was obtained by adding hydrazine hydrate in 
excess to a suspension of cyclopentandione monophenyl- 
hydrazone in alcohol at the ordinary temperature and 
allowing to stand. The phenylhydrazone gradually went 
into solution and after some time the solution deposited 
pale apricot coloured plates of the hydrazone phenyl- 
hydrazone melting at 126°. 

(Found C = 63-1, H = 7-2%; calculated for r n lT H N, 
C - 65-3, H = 6-9, N = 27-7%.) 

Cyclopentan-1 :2-dlone-1 :1'-ketazine-2:2'-diphenylhydrazone 
(VIII). 

Heating of an alcoholic solution of the above described 
hydrazone phenylhydrazone (VII) with acetic acid for 
a few minutes led to a rapid precipitation of the scarlet 
ketazine derivative. It is very sparingly soluble in all 
the usual organic solvents, but can be obtained in fine 
scarlet needles from much alcohol. The crystals did not 
melt on heating but gradually darkened to a black mass. 

(Found C = 70*4, H » 6*6, N » 22-3%; calculated for 
C 22 H 24 N a , C * 70-9, H - 6-5, N - 22-6%.) 


Cyclohexan-1 :2-dlone mono/3-naphthylhydrazone. 

Into an ice-cold solution of potassium cyclohexanone-2- 
carboxylate prepared by allowing a col£ solution of ethyl 
cyclohexanone-2-carboxylate (26 g.) and potassium 

hydroxide (10 g.) in alcohol (60 cc.) and water (200 cc.) 
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to stand for 24 hours and then diluting with ice-water 
(500 cc.) was stirred a filtered diazo solution prepared 
from j8-naphthylamine (21*5 g.), concentrated hydro- 
chloric acid (45 cc.) and sodium nitrite (10-4 g.) in water 
(30 cc.). Powdered sodium acetate crystals (80 g.) were 
then added in one lot, the stirring being continued. A 
yellow precipitate was immediately thrown out and 
rapid liberation of carbon dioxide caused the mass to 
froth up. The colour of the precipitate rapidly changed 
through orange to dull-red in appearance, and after 
stirring for 30 minutes it was filtered off at the pump, 
washed well with cold water and recrystallised first 
from alcohol and then from hot ethyl acetate, in both of 
which solvents it is sparingly soluble even in the hot. 
It was thus obtained in fine orange brown shining plate- 
lets melting at 173°. Yield almost theoretical. It dis- 
solves in concentrated sulphuric acid to an intensely 
coloured orange solution. 

Found f 1 ■* 76*0, H * 6*5, N = 11*4%; calculated for 
O ir H lc ON 2 , r - 76*2, II - 6*3, N = 111%.) 


Cyclohexan-1 :2-dione-1 : 1'-ketazine-2:2'-dl-/b-naphthylhydrazone. 

On warming a suspension of the above described cyclo- 
hexan-1 : 2-dione mono -^-naphthylhydrazone (3 g.) in 
alcohol with an excess of hydrazine hydrate the solid 
went into solution rapidly and a pale orange coloured 
solution resulted. Addition of glacial acetic acid 
(0*5 cc.) caused the colour to change to red brown, and 
after two or three minutes fine dull-red needles 
commenced to separate. These were collected, thoroughly 
washed with alcohol and dried. The substance .was only 
very sparingly soluble in the usual organic solvents. It 
gave an orange brown solution in concentrated sulphuric 
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acid. It melted at 205° to a dark rod liquid and decom- 
position commenced to occur at once. 

(Found N - 17*1%; calculated for r ja H sa N tt , N * 
16-8%.) 

8-K eto-8 : 9 : 1 0 : 1 1 -tet rahy d ro-a-/3-naph thaca rbazo le ( X ) . 

A suspension of cyclohexan-1 : 2-dione-mono ^-naphthyl 
hydrazone (10 g.) in alcohol (250 cc.) containing 
sulphuric acid (20 g.) was boiled under reflux for three 
hours. The hydrazone rapidly passed into solution and 
the colour became dark brown. The reaction liquor was 
finally poured into an excess of water and the solid which 
crystallised out was collected, well washed and recrystal 
lised several times from alcohol. It was thus obtained 
iu colourless prisms melting at 204-205°. 

(Found C = 81-5, II = 5*7^ ; calculated for <VI, ON, 
V = 81-7, H = 5*5'/,.) 

Cyclohexan-1 :2-dione-mono-p-*olyl hydrazone. 

A diazo solution prepared from p-toluidinc (21*4 g.), 
concentrated hydrochloric acid (100 cc.) and sodium 
nitrite (13 g.) was filtered and rapidly stirred into a 
solution of potassium cycl oh exanone-2-carbo vy 1 a t e (from 
ethyl cyclohexanone-2-carboxylate (35 g.), potassium 
hydroxide (13 g.), alcohol (80 cc.) and ice- water 
(800 cc.) ). Addition of powdered sodium acetate 
crystals (100 g.) led to a rapid evolution of carbon 
dioxide and separation of a fine yellow precipitate which 
was eventually filtered off, well washed and twice 
recrystallised from alcohol l>eing thus obtained in fine 
lemon yellow plates melting at 187°. The yield was 
almost theoretical. 

(Found C - 72-0, H * 7*5, N - 13*4% ; calculated for 
<\ a H ia ON a , C - 72*2, H « 7*4, N « 13*0%.) 
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This substance was but sparingly soluble in the usual 
organic solvents. It dissolved id concentrated sulphuric 
acid to an intensely red brown solution. 

6-Methy l-1-ket©-1 : 2:3 : 4-tetrahydroearbaxoU. 

Cyclohexan-1 : 2-dione-mono p tolyl hydrazone (10 g.) 
was boiled with a solution of concentrated sulphuric 
acid (20 cc.) in absolute ethyl alcohol (200 cc.) for 1 
hour. The original yellow colour of the solution rapidly 
changed to a dirty brown and the sparingly soluble 
p-tolyl hydrazone soon went into solution. On cooling, 
the solution, which was now red-brown in colour, 
deposited fine needles which were collected and twice 
recrystallised from alcohol, being thus obtained in gleam- 
ing colourless needles melting at 195 196°. The yield was 
excellent. 

(Found C - 781, H - 6 8% ; calculated for C 13 H 13 0:X, 
V - 784, H - 6*5%. ) 

Cyclohexan-1 :2-dlone-mono-a-n«phthyl hydrazone (VI). 

Addition of a filtered diazo solution from a-naphthyl- 
amine (14*3 g.), concentrated hydrochloric acid (50 cc.) 
and sodium nitrite (7 g.) to a cold dilute aqueous 
alcoholic solution of potassium cyclohexanone-2- 
carboxylate, prepared by hydrolysis of ethyl cyclo- 
hexanone-2-carboxylate (18 g.) with cold dilute* aqueous 
alcoholic potassium hydroxide as above, followed by 
addition of crystallised sodium acetate (€0 g.) led to 
evolution of carbon dioxide and separation of a dirty 
yoiloir precipitate <*f the expected hydrasone. it was 
CoDecte t> washed thoroughly with water and recrystal- 
iM psm hot alcohol and thus Obtained in dark mange- 
hawa ijistin malting at 181 *. 
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(Found C * 75*4, H - 6*6, N - 11*3% ; calculated for 
C ie H ie ON„ C - 76*2, H - 6*3, N - 11*1%.) 

The substance was readily soluble in alcohol to a deep 
yellowish brown solution. It dissolved readily in con- 
centrated sulphuric acid to a very dark brownish red 
solution. 

10-Keto-7:8 : 9 : 10-t«trahydro-a-p-naphthacarbazoie (IX) . 

A solution of cyclohexan-1 : 2-dione (10 g.) in alcohol 
(250 cc.) containing sulphuric acid (20 g.) was boiled 
under reflux for three hours. The solution was then 
poured into an excess of cold water and the precipitated 
solid collected, well washed and Anally recrystallised 
several times from alcohol, being thus obtained in minute 
colourless prisms melting at 238-240°. The yield was 
excellent. 

(Found C - 81*4, H - 5-9% ; calculated for C 10 H 18 ON, 
C - 81*7, H - 5*6%.) 

The author acknowledges the assistance of Mr. L. W. 
Curran, B.Sc., in some of the earlier experiments of this 
series. 

Department of Organic Chemistry, 

The University of Sydney. 


* 


— DMtmbtr f, 1911, 
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MAY 4th, 1932. 

The Annual Meeting, being the five hundred and eighth 
General Monthly Meeting of the Society, was held in 
the Hall of Science House, Gloucester and Essex Streets, 
Sydney, at 8 p.m. 

Mr. Edwin ('heel, President, in the Chair. 

Thirty-seven members and three visitors were present. 

The President announced the deaths of James R. M. 
Robertson, elected in 1924, and John Leo Watkins, 
elected in 1876. 

The certificates of five candidates for admission as 
ordinary members were read: one for the second and 
four for the first time. 

The following gentleman was duly elected an ordinary 
member of the Society: Francis Goulder. 

The Annual Financial Statement for the year ending 
31st March, 1932, was submitted to members, and on 
the motion of Professor Chapman, seconded by Mr, 
Penfold, was unanimously adopted. 
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ROYAL SOCIETY OF NEW SOUTH WALES. 


Statement of Rooeipts and Payments for the Year ended 
31st Maroh, 1932. 


GENERAL ACCOUNT. 


RECEIPTS. 

Dr. 

£ 8. d. 

To Balance— >31st March, 1931 .. .. 

„ Revenue- 

Subscriptions 421 14 0 

Rents 34 6 7 

Sundry Receipts 22 13 8 

Government Subsidy 300 0 0 

Interest — 

Government Bonds and Stock 
and Loan 610 11 0 


,, Royal Society’s Fund — Interest Added 

„ Life Membership Fees 

„ Bonds 


£ s. d. 
915 0 7 


1,389 5 3 
251 12 0 
21 0 0 
2,565 5 2 


£5,142 3 0 


PAYMENTS. 

Cr. 

£ s. d. 

By Administrative Expenses — 

Salaries and Wages— 

Office Salary and Accountancy 


Fees 291 15 0 

Assistant Librarian . . . . 48 0 0 


Printing, Stationery, Advertising 
and Stamps — 

Stamps and Telegrams . . . . 55 5 6 

Office Sundries and Stationery 3 19 5 

Advertising 18 1 0 

Printing 69 3 11 


Rents, Rates, Taxes and Services — 

Rent 188 15 7 

Electric Light and Gas . . . . 12 16 6 

Insurance . . 24 2 6 

Telephone 18 1 8 


Printing and Publishing Society’s 
Volume — 

Printing, etc 322 6 9 

Bookbinding 47 14 9 


£ s. d. 


339 15 0 


146 9 10 


243 16 3 


370 0 9 
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Bookbinding 100 0 0 

Books and Periodicals .. .. 6 4 0 


Sundry Expenses — 

Removal and Re-establishment 

Expenses 142 18 1 

Repairs 36 15 8 

Bank Charges 0 7 6 

Sundries 75 0 11 


Interest — 

Royal Society’s Fund 251 12 0 

Loans 171 19 0 


Furniture . . 

Science House 

Loan on Mortgage — Institution of Engineers . . 

Liversidge Bequest 

Clarke Memorial Fund 

Building Investment Loan Fund 

Balance — 31st March, 1932 — 

Union Bank of Australia, Ltd. . . £79 11 11 
Cash on Hand 3 15 3 


£ a. d. 


108 4 0 


254 17 2 


423 11 0 
264 5 3 
753 6 8 
333 6 8 
37 10 0 
0 11 6 
1,783 1 S 


83 7 2 


£5,142 3 0 


Compiled from the Books and Accounts of the Royal Society 
of New South Wales, and certified to be in accordance 
therewith. 

(Sgd.) HENRY G. CHAPMAN, m.d., 

Honorary Treasurer. 

(Sgd.) W. PERCIVAL MINELL, f.c.a. (Aust.), 

Auditor. 

Sydney, 26th April, 1932. 


BALANCE SHEET AS AT 31st MARCH, 1022. 


LIABILITIES. 

£ s. d. £ S. d. 


Investment Fund — 

Clarke Memorial Fund 
Walter Burfitt Pr$se Fund 

Investment Fund 

Liversidge Bequest .. 


.. 1,428 8 6 
617 10 9 
. . 3,928 19 3 
550 7 2 

6,526 6 8 

636 18 8 

166 6 6 

. , . . , . . . . 28,907 18 8 


On Loan . . . . 

Sundry Liabilities 
Accumulated Funds 


£36,186 8 7 
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ASSETS. 


£ s. d. £ 8. d. 


Cash— 

Union Bank of Australia, Ltd. . . 79 11 11 . 

Cash on Hand 3 19 3 

33 7 2 

Government Bonds and Stock (Nominal Value £4770 ) 4,509 2 3 

Science House Management Committee — 

Payments to Date 14,023 6 8 

Sundry Debtors — 

Institution of Engineers . . . . £5,283 6 8 

For Rents and Sundries .. .. 14 3 11 

For Subscriptions in Arrears . . 677 0 0 

5,974 10 7 


Library- 

Balance — 31st March, 1931 .. 9,382 5 2 

Add Expenditure During Year 108 4 0 


Office Furniture 
Pictures 
Microscopes 
Lantern 


9,490 9 2 
1,716 7 9 
180 0 0 
120 0 0 
40 0 0 


£36,136 3 7 


Compiled from the Books and Accounts of the Royal Society 
of New South Wales, and certified to be in accordance therewith. 


(Sgd.) HENRY G CHAPMAN, m.d., 

Honorary Treasurer. 

(Sgd.) W. PERCIVAL MINELL, f.c.a. (Aust.), 

Auditor. 


Queensland National Bank Chambers. 
27 Hunter Street, 

Sydney, 26th April, 1932. 


INVESTMENT FUND. 

Statement of Reoeipts and Payments for the Year ended 
31 et March, 1932. 


RECEIPTS. 

Dr. 

£ s. d. £ s. d. 

To Balance— 31st March, 1931 . . , . 6,290 15 2 

„ Life Membership Fees 21 0 0 

„ Interest — 

Clarke Memorial Fund .. .. 54 19 0 

Walter Burfitt Prise Fund 23 15 0 

Uversidge Bequest 22 12 0 

Investment Fund 150 6 0 

1 251 12 0 


£6,563 7 2 
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PAYMENTS. 

£ 8. d. 

By Expenditure — 

Clarke Memorial Fund o 11 6 

Liversid m Bequest S7 10 0 

„ Balance— 31st March, 1932 , 6,525 5 8 


£6,563 7 2 


On the motion of Professor Chapman, seconded by Mr. 
Penfold, Mr. W. P. Mineli was duly elected Auditor for 
the coming year. 

The Annual Report of the Council was presented, and 
on the motion of Mr. C. A. Sussmilcli was taken as read. 

Report of the Council for the Year 1931-32. 

(1st May to 27th April.) 

The Council regrets to report the loss by death of 
five ordinary members. Twelve members have resigned. 
On the other hand, three ordinary members and one 
honorary member have been elected during the year. 
To-day (27th April, 1932) the roll of mcmlier* Btands 
at 293. 

During the Society’s year there have been eight general 
monthly and ten council meetings. 

Four Popular Science Lectures were given, namely: 

July 16: “Oysters and Oyster Culture”, by T. C. 
Roughley. 

August 20 : “The Oceanographical Work of the 4 S.Y. 
Discovery’ in the Antarctic Seas”, by W. W. 
Ingram, M.C., M.D., Ch.B. 

September 17: “The Sun”, by Rev. Wm. O’Leary, 
S.J. 

October 15: “Insect Life”, by W. B. Gurney, B.Sc. 
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Meetings were held throughout the Session by the 
Sections of Geology and Physical Science. 

The Section of Industry during the year again devoted 
its attention to visiting industrial establishments. 

Eighteen papers were read at the general monthly 
meetings. 

Lecturettes were given at the general monthly meet* 
ings in June, July, August, September, November and 
December, by Messrs. H. G. Chapman, C. E. Fawsitt, 
A. R. Penfold, W. L. Waterhouse, C. A. Sussmilch and 

J. C. Earl respectively. 

Science House . — On Wednesday evening, 6th May, 
1631, the Council invited a number of visitors to the 
first meeting of the Society held in Science House, when 
the retiring President, Professor O. U. Vonwiller, B.Sc., 
F.InstP., delivered his Presidential Address entitled: 
“A Generation of Electron Theory.” 

On the afternoon of Thursday, 7th May, 1931, a repre- 
sentative gathering assembled at Science House, when 
His Excellency the Governor Sir Philip Game, G.B.E., 

K. C.B., D.S.O., performed the Official Opening of Science 
House. During the week Science House was thrown 
open to the public, and a large number of exhibits were 
displayed not only by the three owning bodies, but also 
by the various other scientific societies housed in Science 
House. This was the first exhibition of its kind ever held 
in Sydney and was very largely attended. During the 
evening sessions, popular science lectures were delivered 
in the large hall by the following: 

Thursday, 7th May, 1931, at 8 p.m.: “The Balance 
of Life in the Sea”, by Professor W. J. Dakin, 
D.Sc. 
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Thursday, 7th May, 1931, at 9 p.m.: “The Polar 
Explorations”, by Instructor-Commander Moyes, 
B.Sc., RJLN. 

Friday, 8th May, 1931, at 8 p.m. : “What of the City”, 
by B. J. Waterhouse, F.R.I.B.A. 

Friday, 8th May, 1931, at 9 p.m.: “Prospecting by 
Magnetic Methods”, by Major E. H. Booth, M.C., 
B.Sc. 

Centenary Meeting of the B.A.A . Science . — Professor 
A. R. Radcliffe-Brown was appointed the Society’s dele- 
gate at the centenary meeting of the British Association 
for the Advancement of Science at its meeting held in 
London on September 23 to 30, 1931. 

First Liver sidge Research Lecture . — Under the terms 
of the Liversidge Bequest, the first Liversidge research 
lecture was delivered before the Royal Society at Science 
House, Sydney, on Thursday, 24th September, 1931, by 
Mr. Harry Hey, of the Electrolytic Zinc Company of Aus- 
tralasia, Limited, Melbourne, entitled: “The Production 
of Zinc by Electrolysis of Zinc Sulphate Solutions”. 

Clerk Maxwell Centenary . — Professor Kerr Grant, of 
the University of Adelaide, and Dr. W. H. Love, of the 
University of Sydney, were appointed to represent the 
Royal Societies of Australia at the celebrations of the 
Clerk Maxwell Centenary held at the University of 
Cambridge on October 1 to 2, 1931. 

Michael Faraday Centenary, — An invitation was 
received from the Royal Institution of Great Britain, 
asking the Royal Society to appoint a delegate to the 
Centenary of Michael Faraday’s discovery of electro- 
magnetic induction, to be held in London in September, 
1931. 
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Hie Cotincil appointed Dr. W. H. Love to represent 
the Society. 

The Centenary was also celebrated in the Great Hall 
of the University of Sydney on Tuesday, September 22nd, 
1231, by the Institution of Engineers, Australia, the 
Institution of Electrical Engineers, the Institution of 
Civil Engineers, the Royal Society of New South Wales 
and the Australian Chemical Institute. At this function 
addresses were given by Professors O. U. Vonwiller and 
J. P. Madsen. 

The Proceedings of the Royal Society of New South 
Wales . — During the year it was decided to issue the 
Society’s Journal in two half-yearly parts instead of one 
yearly part as previously, in order that papers read in the 
early part of the year might get quicker publicity. 

At its meeting on Wednesday, 30th March, 1932, the 
Council awarded the Clarke Memorial Medal to Frederick 
Chapman, A.L.S., F.G.S., of the National Museum, 
Melbourne. 

The Annual Dinner took place at the University Club, 
Phillip Street, Sydney, on Thursday, 21st April, 1932, 
at 6.45 p.m., when we were honoured by the presence 
of His Excellency the Governor Sir Philip Game, Mr. 
Justice Halse Rogers, Mr. R. J. Hawkes (President of 
the Chamber of Manufactures of New South Wales), Dr. 
C. Anderson (President of the Linnean Society of New 
South Wales), and Mr. A. P. Mackerras (representing 
the President of the Institution of Engineers, Australia). 

The donations to the library have been as follows: 
78 volumes, 2,762 parts, 47 reports, 2 maps, 8 calendars 
and 1 catalogue. 
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The President announced that the following popular 
science lectures would be delivered this session: 

July 21: “Volcanoes”, by Professor L. A. Cotton, 
MA., D.Sc. 

September 15: “Geophysical Prospecting”, by Major 
E. H. Booth, M.C., B.Se., F.Inst.P. 

October 20: “The Physiological Basis of Sex Char- 
acteristics”, by Assistant Professor H. Priestley, 
M.D., Ch.M. 

November 17 : “Modernism in Architecture”, by 
James Nangle, O.B.E., F.R.A.8. 

Alteration to Rule IX, — In accordance with Rule L, the 
following alteration to Rule IX, which had been carried 
at the general monthly meeting held on August 5th, 1931, 
was, on the motion of Mr. C. A. Sussmilch, seconded 
by Mr. A. R. Penfold, duly confirmed at the meeting: 

“That .Rule IX be altered to read as follows: 

The Annual Subscription shall be Two Guineas, 
payable in advance, blit members who are under 
twenty-eight years of age, and those elected prior 
to December, 1879, shall be required to pay only 
One Guinea yearly’.” 

Alteration to Rules to Provide for the Admission of 
Firms and Companies as Members, — The Hon. Secretary 
reported that the Council had considered the amend- 
ment suggested at the last general monthly meeting 
in December. These were referred back to the sub- 
committee who had drafted the original proj>osed altera- 
tion of the rules and that the Council, when consider- 
ing the report of the subcommittee, had decided not to 
go any further with the matter. 

The following donations were received: 6 volumes, 64 
parts, and 5 reports. 
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The President, Mr. Edwin Cheel, then delivered his 
Address. 

There being no other nominations, the President 
declared the following gentlemen to be Officers and Conn* 
cil for the coming year: 

President: 

Aasist.-Prof. W. R. BROWNE, D.se. 

Vice-Presidents: 

Prof. J. DOUGLAS STEWART, Prof. O. U. VONWILLER, 

B.V.BC., M.R.O.V.8. B.SC., FJXWt.P. 

Prof. L. A. COTTON, M.A., d.sc. EDWIN CHEEL, F.L.8. 

Hon. Treasurer: 

Prof. H. G. CHAPMAN, m.d. 

Hon. Secretaries: 

C. A. SUSSMILCH, F.o.s., F.8.T.C. | R. J. NOBLE, m.8c„ Ph.D., B.8c.A«r. 
Members of Council: 

E. C. ANDREWS, b.a., f.o.s. Prof. C. E. FAWSITT, d.sc., Ph.D. 
E. H. BOOTH, m.o., b.sc., F.matJP. A. R. PENFOLD, f.a.o.1., f.c.8. 
R. W. CHALLINOR, f.i.c., f.c.s. Assoc.-Prof. H. PRIESTLEY, 

Sir EDGEWORTH DAVID, m.d., ch.M. 

S.B.E., O.M.O., D.8.O., F.R.8., Prof. R. D. WATT, M.A., B.SC. 
B.A., D.8C. M. B. WELCH, B.SC., A.I.O. 

Prof. J. C. EARL, d.bc., Ph.D. 

Mr. Cheel, the outgoing President, then installed 
Assist. Professor W. R. Browne as the President for 
the coming year, and the latter briefly returned thanks. 

On the motion of Professor Von wilier, a hearty vote 
of thanks was accorded to the retiring President for his 
valuable address. 

Mr. Cheel briefly acknowledged the compliment. 
JUNE 1st, 1932. 

The flve hundred and ninth General Monthly Mating 
was held in the Hall of Science House, Gloucester Street, 
at 8 p.m. 

Professor W. R. Browne, President, in the Chair. 
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Twenty-five members and one visitor were present. 

The certificates of the following candidates for admis- 
sion as ordinary members were read for the first time: 
Kenn. P. Forman, Refrigeration Engineer, Electricity 
Meter Manufacturing Co., Waterloo, and Ivor Vickery 
Newman, M.Se., Ph.D., F.R.M.S., F.L.S., Kingsland Road, 
Strathfleld. 

The President nominated Mr. Cheel to preside at the 
ballot box, and members elected Messrs. A. D. Olle and 
F. Morrison to act as scrutineers. 

According to Rule V, “no ballot for the election of 
members of Council, or of new members shall be valid 
unless twenty members at least shall record their votes". 

Only thirteen members voted, thus the election was 
invalid. 

The following donations were received : 9 volumes, 266 
parts and 6 reports. 

THE FOLLOWING PAPERS WERE READ: 

1. “The Mitotic Activity of Normal and Malignant 
Tissues and its Modification by X-Rays”, by W. H. 
Love, B.Sc., Ph.D. (Illustrated by lantern slides.) 

2. “The Chemical Changes Involved in the Formation 
of Aminoazo Compounds”, Part I, by Professor J . C. 
Earl, D.Sc., Ph.D., and Norman Frederick Hail, 
B.Sc. 

3. “A Note on the Action of Titanium Tetrachloride 
on Tetracetyl-£-d-Gluco8ide-01ycollie Ester”, by 
Miss Thelma M. Reynolds, M.Sc. (Communicated 
by Professor J. C. Earl.) 

4. “Researches on Indoles”, Part II, by Francis Lions, 
B.Sc., Ph.D., and Miss Mary J. Spruson. 
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exhibit: 

Dr. B. J. Noble exhibited a case showing mushrooms 
developed under artificial conditions at the Biological 
Branch, Department of Agriculture, Sydney. 

Pure culture spawn had been prepared from tissue 
cultures and from spores; the test case was spawned on 
the 20th April, cased with soil on the 3rd May, and the 
first crop of mushrooms had appeared on the 1st June. 

JULY 6th, 1932. 

The five hundred and tenth General Monthly Meeting 
of the Royal Society of New South Wales was held in the 
Hall of Science House, Gloucester Street, at 8 p.m. 

Professor W. R. Browne, President, in the Chair. 

Thirty-one members and three visitors were present. 

Alteration of Time of Monthly Meetings . — The Presi- 
dent announced that the Council at its last meeting had 
decided that in future the monthly meetings would be 
started at 7.45 p.m., so that the formal business might 
be completed by 8 p.m., and thus give more time for 
papers, discussions and lecturettes. 

The President announced that the following members 
had been honoured: Dr. Frederick William Wheatley, 
C.B.E., Commander of the Order of the British Empire; 
Dr. Allan R. Callaghan, appointed to the position of 
Principal of the Roseworthy Agricultural College, 
Adelaide; and Mr. R. L. Aston, the degree Hi Doctor of 
Philosophy by the Cambridge University. 

The certificates of candidates for admission as ordin- 
ary members were read: six for the second two for the 
first time. 

The following gentlemen were duly elected ordinary 
members of the Society: Kenn. P. Forman, Arthur 
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Thomas Keeble, Ernest Norman McKie, Erik Munch- 
Petersen, Ivor Vickery Newman and Henry El ma r 
Richardson. 

The following donations were received: 9 volumes, 200 
parts and 12 reports. 

THE FOLLOWING PAPERS WERE READ*. 

1. “ The Occurrence of a Number of Varieties of 
Eucalyptus radio t a (E. numerosa ) as Determined 
by Chemical Analyses of the Essential Oils”, Part I, 
by A. R. Penfold, F.C.S., and F. R. Morrison, F.C.S. 

2. “Studies of the Intrusive Igneous Rocks of the 
Muswellbrook-Singleton District”, Part II. The 
Savoy Sill. By H. G. Raggatt, M.Sc,, and H. F. 
Whitworth, B.Se. 

3. “The Crystal Structure of Indium”, by Francis P. 
Dwyer, B.Sc., and David P. Mellor, M.Sc. 

Symposium: “The Constitution of the Earth”, opened 
by Major E. H. Booth and Professor L. Cotton. 

Professor Vonwiller and the President also contributed 
to the symposium. 


AUGUST 3rd, 1932. 

The five hundred and eleventh General Monthly Meet- 
ing of the Royal Society of New South Wales was held 
in the Hall of Science House, Gloucester Street, 7.45 p.m. 

Professor W. R. Browne, President, in the Chair. 

Twenty-eight members and five visitors were present. 

The President announced the death of Sir Richard 
Threlfall, who had been an honorary member of the 
Society since 1921. 

The certificates of four candidates for admission as 
ordinary members were read: two for the second and 
two for the first time. 
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The following gentlemen were duly elected ordinary 
members of the Society: John Patrick O’Neill and 
Victor Martin Trikojus. 

It was announced that the Council had awarded the 
“Walter Burfitt Prise” for 1932 to Dr. Charles Halliby 
Kellaway, Director of the Walter and Elisa Hall In* 
stitnte of Research in Pathology and Medicine, for 
research work published during the three years 1929 to 
1931, and that the presentation would take place at 
Science House on Tuesday, 16th August, 1932, at 4 p.m. 

The following donations were received: 3 volumes, 104 
parts and 3 reports. 

THE FOLLOWING PAPERS WERE READ! 

1. “The Chemistry of Western Australian Sandalwood 
Oil”, Part II, by A. R. Penfold, F.A.C.I., F.C.S. 

2. “Ripple-Marks in the Narrabeen Series along the 
Coast of New South Wales”, by Alma G. Culey, 
B.Sc. (Communicated by Professor L. A. Cotton.) 

3. “Derivatives of 2-Phenyl Quinoline”, Part I. Pre- 
paration of Some “Atophans” from Veratric Alde- 
hyde, by Muriel Gertrude Holdsworth, M.Sc., and 
Francis Lions, B.Se., Ph.D. 

LECTURETTE l 

“Some Recent Research in Anaerobic Infections in 
Domestic Animals”, by H. R. Carne, B.V.Sc. 

SEPTEMBER 7th, 1932. 

The five hundred and twelfth General Monthly ^Meeting 
of the Royal Society of New South Wales, held in the 
Hail of Science House, Gloucester Street, at 7.45 p.m. 

Professor W. R. Browne, President, in the Chair. 
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Twenty-five members and two visitors were present. 
The President announced the death of Hr. Ernest 
Le Gay Brereton, who was elected a member in 1928. 

The following gentlemen were duly elected ordinary 
members of the Society: Herbert Eril Boon and Ralph 
Charles Bradley Lane. 

The following donations were received: 299 parts, 11 
volumes, and 9 reports. 

THE FOLLOWING PAPERS WERE READ: 

1. “A Note on the Constitution of Tasmanol”, by V. M. 
Trikojus, B.Sc., D.Phil., and D. E. White, M.So. 

2. “The Chemistry of the Constituents of the Wood-Oil 
of the ‘Callitris’ Pines”, by V. M. Trikojus, B.Sc., 
D.Phil., and D. E. White, M.So. 

3. “The Synthesis of Bases Allied to Coniine”, Part 1. 
The Preparation and Pyrolysis of the Allyl Ethers 
of N. Heterocyclic Enols, by Burnett Mander- 
Jones, M.Sc., and V. M. Trikojus, B.Sc., D.Phil. 

4. “The Use of Potassium Dichromate and Sodium 
Nitrite in Aromatic Nitrosations”, by F. P. J. 
Dwyer, B.Sc., D, P. Mellor, M.Sc., and V. M. 
Trikojus, B.Sc., D.Phil. 

5. “The Essential Oils of Three Species of Geijera and 
the Occurrence of a New Hydrocarbon”, Part II, by 
A. R. Penfold, F.A.C.I.. and Professor J. L. 
Simon sen, D.Sc., F.R.S. 


lecturette ; 

“White Ants and Their Ravages”, by M. B. Welch, 
B.Sc. (Illustrated by lantern slides.) 
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OCTOBER Mil, 1982. 

The five hundred and thirteenth General Monthly 
Meeting of the Royal Society of New South Wales, held 
in the Hall of Science House, Gloucester Street, at 8 p.m. 

Professor W. R. Browne, President, in the Chair. 

Forty members were present. 

The following donations were received: 144 parts, 7 
volumes and 3 reports. 

THE FOLLOWING PAPES WAS READ: 

“Note on the Internal Structures of BarrandeUa and 
SieberelW ’ , by F. W. Booker, M.Sc. 

SYMPOSIUM : 

“Phosphorus in Nature.” 

The symposium was carried out by L. L. Waterhouse 
(Geology), Professor R. D. Watt (Agriculture), Pro- 
fessor J. Douglas Stewart (Veterinary Science), and 
Associate Professor Priestley (Physiology). 

NOVEMBER 2nd, 1932. 

The five hundred and fourteenth General Monthly 
Meeting of the Royal Society of New South Wales was 
held in the Hall of Science House, Gloucester Street, 
at 7.45 p.m. 

Professor W. R, Browne, President, in the chair. 

Thirty-five members and three visitors were present. 

The following donations were received: 69 parts, 8 
volumes, 3 reports and 1 calendar. 

THE FOLLOWING PAPBBS WERE HEAD: 

1. “Notes on the Mineralogy of the Narrabeen Series 
of New South Wales”, by Miss Alma G. Culey, B.Sc. 
(Communicated by Professor L. A. Cotton.) 
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2. “A Note on the Occurrence of 0-Cristobalite In 
Australian Opals”, by F. P. Dwyer, B.Sc., and D. P. 
Mellor, M.Sc. 

3. “An Average Moisture Equilibrium for Wood”, by 
M. B. Welch, B.Sc. 

4 . “Hie Quantitative Theory of Interaction Between 
Different Species of Animals”, by Associate Pro- 
fessor V. A. Bailey, M.A., D.Phil. 

ADDRCS8 : 

By Mr. A. B. Hector : “Some Thoughts on the Improve- 
ment of our Education System.” 

DECEMBER 7th, 1332. 

The five hundred and fifteenth General Monthly Meet- 
ing of the Royal Society of New South Wales was held 
in the Hall of Science House, Gloucester Street, at 8 
pum. 

Thirty-three members and one visitor were present. 

The certificate of one candidate for admission as an 
ordinary member was read for the first time. 

The following donations were received: 499 parts, 17 
volumes, 6 reports and 1 calendar. 

Mr. A. R. Penfold gave notice that at the next meeting 
he would move : 

“In lieu of present Rule X : ‘The first annual 
subscription shall accompany the prescribed 
form of certificate for admission. The election 
will not be proceeded with unless this condition 
is fulfilled.’ ” 
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THE FOLLOWING PAPERS WERE BEAD: 

1. “Relation of the Tertiary Alkaline Rocks of Eastern 
Australia to Late Tertiary Tectonic lines", by 
C. A. Sussmilch, F.G.S. 

2. “A Possible Correlation of Certain Pre-Cambrian 
Granites of Australia and Some Deductions There- 
from", by Professor W. R. Browne, D.Sc. 

3. “The Essential Oil from the Wood of EremopKUa 
Mitchelli (Bentham)", by A. E. Bradfield, Ph.D., 

A. R. Penfold, F.A.C.I., and Professor J. L. 
Simonsen, D.Sc., F.R.S. 

4. “An Examination of the Validity of Conclusions 
Drawn from Experiments in which the Allantoic 
Membrane of the Chick is Exposed to X Radiation", 
by Warnford Moppett, M.D., Ch.M. 

5. “The Chemical Changes Involved in the Formation 
of Aminoazo Compounds", Part II, by Professor 
J. C. Earl, D.Sc., Ph.D., and N. F. Hall, B.Sc. 

6. Derivatives of 2-Phenyl-Quinoline”, Part II. Some 
“Atophans", with Substituent Basic Groups, by 
Muriel G. Holdsworth, M.Sc., and Francis Lions, 

B. Sc., Ph.D. 

7. “Derivatives of 2-Phenyl-Quinoline”, Part III. Some 
Derivatives of Polyhydroxy “Atophans”, by Muriel 
G. Holdsworth, M.Sc., and Francis Lions, B.Sc., 
Ph.D. 

8. “An Extension of Knorr’s Pyrrole Synthesis", by 
Gregory Bondietti, M.Sc., and Francis Lions, B.Sc., 
Ph.D. 

8. A Note on Diifration Gratings Used with Grazing 
Incidence", by Professor O. U. Vonwiller, B.Sc., 
F.Ins«\ 
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10. “Longitudinal Variation of Timber during Season* 
tog”, by M. B. Welch, B.Sc. 

11. “Experiments on the Daily Shrinkage and Swelling 
of Wood”, by M. B. Welch, B.Sc. 

12. “Application of Optical Spectroscopy to Analysis 
of Tumour Tissue”, by Winifred R. Mankin, B.8c. 
(Communicated by Professor O. U. Vonwiller.) 

13. “Researches on Indoles”, Part III, by Francis 
Lions, B.Sc., Ph.D. 
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ABSTRACT OF THE PROCEEDINGS 

OF THE 

GEOLOGIGAL SECTION. 


ANNUAL MEETING, APRIL 29th, 1932. 

Mr. 0. A. Sussmilch was in the chair; eleven members 
and nine visitors were present. 

Mr. W. 8. Dun was elected Chairman and Mr. H. G. 
Raggatt, Secretary for the year. 

Dr. G. D. Osborne addressed the Section on “Current 
Geological and Mineralogical Research in Europe”. 

After briefly statins the scope of his travels in the British 
Isles and Western Europe, the speaker gave an outline of the 
general progress of current research, as he observed it, in the 
various divisions of geology, mineralogy and petrology 

MAY 20th, 1932. 

Mr. W. S. Dun was in the Chair; ten members and 
three visitors were present. 

exhibits; 

1. By Dr. G. D. Osborne. Two suites of rocks illus- 
trating the Carboniferous and Permian (?) Jgneous 
activity of the Midland Valley of Scotland. 

2. By Mr. H. G. Raggatt. Glendonites of an unusual type 
from Flagstaff Hill, Wollongong. 
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Three short addresses, illustrated by specimens, maps 
and diagrams, were given: 

1* By Mr. L. J. Jones: “On the Distribution of Com* 
mercial Coal in the Borehole Seam, Newcastle District.” 

2. Mr. P. W. Booker exhibited and described the prin- 
cipal features of interest attached to certain fossils from 
the Upper Marine series of the Hunter Valley (N.S.W.) 
and from the Bowen River District (Q.). 

3. Mr. H. G. Raggatt briefly described the geology of 
the Wingen District. 

The principal points referred to were: (i) A section at Owen's 
Gap, showing rocks which might be referred to the Jurassic: 
(ii) Tertiary intrust ves near Wingen, including the Bosley's 
Oully volcanic neck and the Murulla dolerite-basalt composite 
sill; (lit) the position of the Wltfgen fault which is placed west 
of the Burning Mountain instead of east of it, as formerly; 
(iv) oonformability of Kuttung and Kamilaroi. 


JUNE 17th, 1932. 

Mr. W. 8. Dun was iu the ('hair; ten members and 
ten visitors were present. 

exhibits : 

1. By Mr. H. F. Whitworth: (i) Coarse and massive 
sillimanite rock from Thackariuga, 20 miles N.W. 
from Broken Hill; (ii) staurolite schist from the same 
locality. 

2. By Dr. G. D. Osborne. From Sealiam, varves with 
annelid tracks, raindrop impressions and ripple 
marks; specimen showing intraformational pavement 
iu varve rock and specimens showing parallel furrows 
produced by icebergs moving over plastic varves. 
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discussion: 

“On the Distribution and Origin of 'Grey Billy* and 
Belated Siliceous Hocks.” 

Mr. Kenny Introduced the subject by a general statement In 
which he grouped the materials under two major divisions: 

(a) Those associated with igneous extrusions. Examples: 
the masses of siliceous material beneath basalt sheets, 
as in New England, Dubbo-Dunedoo, Coonabarabran, 
Gunning, and other places. 

(b) Chemically formed masses exemplified in western New 
South Wales, at Tallong, and at Ulladulla. 

Particular attention was given to the occurrences of “Grey 
Billy” in western New South Wales. Mr. Kenny mentioned the 
pre-eminent relationship of siliceous cappings to developments of 
clayey sandstones and gritty clays of the Syrian Series 
(Tertiary): outlined the mode of occurrence, structure and 
lithology of the “Grey Billy”, and concluded by remarking upon 
the time relationship of the material to the Syrian Series on the 
one hand and to the post-Tertiary beds on the other. He produced 
evidence to show that the “Grey Billy” pre-dated the Pleistocene 
sediments, being found at depth in bores and wells, and post-dated 
the Syrian Series of Lower Tertiary Age A Tertiary, possibly 
pre-Miocene age, was assigned to the “Grey Billy” 

Continuing the discussion. Professor W. R. Browne dealt 
mainly with the “Grey Billy” associated with lava-flows, in 
which the cementing silica, mostly as quartz, was due probably 
to volcanic hot-spring deposition mostly among loose sands The 
opal found with this type of “Grey Billy”, as at Tallong, might 
have been deposited from alkali carbonate solutions The 
similarity between this ‘‘Grey Billy” and that from White Cliff* 
et cetera , was stressed. 

Mr. Whitworth then described the microscopical structure of 
the typical western district type of “Grey Billy”, stating that 
most of them consist mainly of angular quartz grains with an 
almost opaque cementing material which was known to contain 
opaline silica and free alumina. It was suggested that the 
gronndmass might represent a clay which had split up .into free 
silica and alumina during some process of weathering during 
a period of peneplanation which prevented the run off of the 
dissolved silica. Under such conditions the silica would be 
carried downwards and be deposited around sand grains, or be 
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precipitated by clays, forming the secondary Quartsites at some 
little depth below the surface in a manner analogous to the 
formation of ironstone nodules in the Tertiary soils around 
Sydney. 

Mr. L. L. Waterhouse exhibited and discussed a suite of 
specimens from near the head of Badgery's Track, Tallong, 
including (in descending order) fresh massive olivine basalt, 
decomposed very vesicular basalt, “Grey Billy” with quarts 
cement containing plant remains, “Grey Billy” with chalcedonic 
cement, “Grey Billy” with opaline cement. The latter rests 
with a very sharply defined lower boundary upon unconsolidated 
Tertiary sands, and these in turn upon massive Kamilaroi gritty 
sandstones. 


JULY 15th, 1932. 

Mr. W. S. Dun was in the Uhair. Ten members and 

a number of visitors were present. 

exhibits: 

1. By Dr. Ida Brown. Limestone w'ith Pentamenin 
knightii , from Baw Baw*, about 4 miles w*est of 
Goulburn. 

2. By Mr. W. 8. Dun. Specimens of Spirifcra striata 
from Hilldale and England; Spirifera tasmaniensis 
and S. (Trigonotreta) stokrsi from Anvil Creek, 
N. S.W. 

3. Assistant Professor W. R. Brow r ne. Dolerite from 
Prospect with analcite containing spherules of 
radiating chlorite. 

4. By Mr. L. L. Waterhouse. From the Limekilns, 
Marulan: (a) intraformation al breccia, silicifted and 
silicated, from the Silurian between the eastern and 
western limestone belts; (6) fault breccia from east 
of the eastern limestone; (c) fossiliferons Silurian 
limestone from the eastern belt, the Lookout, 
Bungonia. 
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5. By Dr- G. D. Osborne. A series of specimens from 
Barnavarve, Carlingford (Ireland), illustrating the 
hybridism between acid and basic igneons rocks of the 
Tertiary ring-dyke of that area. 

6. By Mr. T. Hodge Smith, on behalf of the Australian 
Museum, (a) Epsomite from Kelly’s Glen, Katoomba. 

(b) Barytes in pegmatite, Thackaringa. (c) Jasper 
from Marble Bar ( W. A. ) . ( d ) Cassiterite from Stoney’s 
Creek (Tas.). (c) Barytes from the Barrier Ranges. 

7. By Mr. H. G. Raggatt. (a) Bone cores of volcanic 

breccia from Lower Marine, Muswellbrook. ( b ) 

Chwnomya audax from the centre of a concretion, 
Flagstaff Hill, Wollongong. 

8. By Mr. H. F. Whitworth. (a) A collection of 
synthetic gems and the boules from which they are 
cut. These are mainly varieties of coloured 
corundum and aluminates. (b) Plumose rhodocrosite. 

(c) A natural beach sand concentrate from Rabaul 
composed largely of augite, hornblende and olivine. 

9. By Mr. L. W. Morris. Synthetic crystals of bismuth 
formed by crystallization in a cavity allowing of 
uninterrupted growth. 

SEPTEMBER 16th, 1932. 

Mr. W. S. Dun was in the Chair; eleven members and 

nine visitors were present. 

exhibits : 

1. By H. F. Whitworth. A specimen of Bulli coal 
polished and etched by Seyles’s method, showing cell 
structure in wood, 

2. By Assistant Professor W. R. Browne. Specimens 
from near Michelago, showing a sudden change 
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within six feet from dipping Silurian limestone to 
rhyolite tuffs along the strike. 

3. By Dr. C. Anderson. A slug of tinstone from alluvials 
near Zeehan, Tasmania. 

Mr. E. 0. Andrews then addressed the Section on “The 
Physiography and Tectonics of Australia in Relation to 
the Rest of the World". 

A general survey was given of the geomorphology of the 
various continental masses, particular attention being paid to the 
physiographic features associated with the highland belts found 
around the margins of the Pacific, and also to the mountain 
belts of Europe and India (particularly the Himalayan region). 
The relation of the mountain arcs to the associated lowland 
tracts and ocean foredeeps was described in some detail, special 
attention being paid to the structures of the Himalayas as 
illustrated by a north-south section. 

A discussion of the physiographic unity of eastern Australia 
and the position and relationships of the Australian arc relative 
to the framework of the Pacific, followed. 

The dependence of the structural features upon isostatic 
equilibrium was emphasised. 

OCTOBER 21st, 1982. 

Mr. W. S. Dun was in the Chair; eight members and 
seven visitors were present. 

exhibits ; 

1. By Mr. L. L. Waterhouse. Crystals of newberyite 
(hydrated phosphate of magnesia) and of struvite 
(hydrated phosphate of ammonia and magnesia) from 
Mt. Wedderin, near Skipton, Victoria. These minerals 
occur in loose basaltic soil and are connected with 
ancient guano dei>osits. 

2. By Dr. G. D. Osborne, (a) Varves of Pleistocene age, 
Lake Ra grinds, Central Sweden, (b) Varve clays 
(Pleistocene) from Achill Id., Ireland. 
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Professor L. A. Cotton gave an address on “Some 
Recent Observations on the Great Tokyo Earthquake”. 

Immediately following the earthquake, extensive observations 
dealing with its geological, selsmological and geodetical aspects 
were made to ascertain its cause and examine its effects. Records 
from numerous selsmological stations in Japan enabled the 
chief focal area to be defined with great accuracy, and this was 
found to lie in the submarine extension of a rift valley in the 
Bay of Sagami, a little to the north of the Island of Oshlma. 

The geological structure of the shaken area showed that it is 
heavily faulted, making it particularly susceptible to movement. 
A topographic survey revealed that there had been both vertical 
and horizontal movements of the land of rather less than ten 
feet. A survey of the floor of the Sagami Bay, however, showed 
astounding changes in level, some parts being elevated about 
800 and others depressed about 1,300 feet. When the magni* 
tude of these changes was realised, special care was taken to 
eliminate errors in measurement, and the results were confirmed. 


NOVEMBER 18th, 1932. 

Mr. W. S. Dun was in the Chair; nine members and 
nine visitors were present. 


exhibits: 

1. By Mr. H. F. Whitworth, (a) Chiastolite flakes, 
(b) Native arsenic from Forbes, (c) Limestone. 

2. By Mr. H. G. Raggatt. A suite of rocks representative 
of schists from Sebastopol, 10 miles south of Temora, 
probably of Ordovician age. 

A discussion “On the Evolution of the CoaBtal Physiography 
of New South Wales, with Special Reference to the Development 
of the Present Coastline'* was opened by a statement by 'Assistant 
Professor W. R. Browne. He referred principally to examples of 
apparent exceptions to the physiographic nnity of coastal New 
South Wales to the universality of the Kosciusko movement. A 
number of sections were referred to by way of illustration. 
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Mr. B. C. Andrews considered that most of the apparent 
exceptions could be explained as variations upon a simple theme 
and referred specifically to some of the sections quoted by 
Professor Browne. 

Mr. C. A. SuBsmilch supported Mr. Andrews’s views, and 
referred mainly to some Queensland examples and to the Hunter 
region of New South Wales. 

Dr. Ida Brown referred to her work on the South Coast of 
New South Wales. 

Dr. G. D. Osborne and Mr. H. G. Raggatt also spoke, principally 
with reference to the Hunter Valley. 
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or THE SECTION OF 

PHYSICAL SCIENCE 


Officers : 

Chairman: Major E. H. Booth. 

Hon. Secretary: Dr. W. H. Love. 

Assistant Hon . Secretary: Mr. S. E. Williams. 

Committee: Professors O. U. Vonwiller, V. A. Bailey, 
G. H. Briggs, J. P. Madsen, E. M. Wellisch, Mr. 
Brown. 

Nine meetings were held during 1932. 

15th June, 1932. — Dr. W. H. Love: “Some Quantita- 
tive Methods in Biophysics”. 

6th July, 1932. — Mr. J. M. Rayner, B.Sc., A.Inst.P.: 
“Cosmic Radiation”. 

20th July, 1932. — Professor O. U. Vonwiller: “The 
Influence of Diffraction Phenomena in Photo- 
metric Spectroscopy”. 

3rd August, 1932. — Mr. J. C. Jaeger, B.A., B.Sc.: “The 
Photo-Electric Effect in Metals”. 

23rd September, 1932. — (1) Mr. J. B. Rudd: “A Note 
on the Motion of Electrons in Gases”. (2) 
Professor V. A. Bailey: “Some Problems in the 
Mathematical Theory of Mendelian Selection”. 

5th October, 1932.— Mr. D. P. Mellor, M.Sc., “X Hays 
and Crystal Structure”. 
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19th October, 1932. — Dr, W. G. Baker: “Some Aspect! 
of Badio Valve Design” 

2nd November, 1932. — Dr. A. J. Canny: “Some 
Physical Aspects of Muscular Activity”. 

9th November, 1932. — Professor G. H. Briggs: “Some 
Recent Advances in the Investigation of Nuclear 
Structure”. 
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ABSTRACT OF THE PROCEEDINGS 

OF THE 

SECTION OF INDUSTRY. 


Officers : 

Chairman : A. D. Olle, F.C.S. 

Hon. Secretary: H. V. Bettley-Cooke, F.C.S. 


During the year the following works were visited by 
the members : 

Tuesday, 10th May. — Electricity Meter Manufacturing 
Co., Ltd., Waterloo. 

Tuesday, 14th June. — Technological Museum, Ultimo. 
Tuesday, 9th August. — Taronga Park, Mosman. 
Tuesday, 14th September. — Pick-Me-Up Condiment Co., 
Newtown. 

Tuesday, 11th October. — British- Australian Lead Manu- 
facturers Pty. Ltd., Cabarita. 

Tuesday, 29th November. — B.M.S. Strathnaver . 
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